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* In thése days the world teemed; the,

peoplé multlplled; the worId bellowed like a
wild bull, apd_ the great god was aroused by
the clamour. Enlil heard the clamour and he
said’ to the gods in councilz
mankind s  intolgrable and “sleep is no
longer possibde by réason of the babel." So
the godg agree¢ to éxterminate mankind.

From "The Epic of Gilgamesh"

‘The uproar -of ,

’
4
: . Translated by N. K. Sandats
: (Penguin Press, 1972)
. - . . . .
: ABSTRACT. :
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on how
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given for
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to~ determine
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is likely to
find in hig home, at work and at school, while traveling , and in the growth and development
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hazardous to his hearing.

alternatives to existing noise sources.

are given. Ways of
*which they travél to

noise sources describing specific solutipns to the problems they present.

remedies include noise prevention techniques and-selection of quiet
General prihciples for Seleécting quiet appliances
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Morris S. 0jalvo ' L
EY : -4 .o
\ c Institute for Basic Standards «* ‘ . --
) - National Bureau of Standards b]
\\ : o Washington, D. C. 20234 \ ; ~
. . A . * . N
. Wr ) ' ’ . ) " Chapter 1 - . , .
. Y INTRODUCTION e ¥
\ v . -
\.WHAT IS NOISE? molecules, imparting motion to them and )
\ ' ' then, rebounding back and forth, feturn to
. One hdmorous' definition holds that * their original positions. The disturbed
. "Noise is what your qeighbor makes." Of molecules collide with others in the same
| course, we all makesnoise ourselves, but we* manner. The disturbance travels through the
especially resent the intrusion of sounds air by successive collisions, much as a .
that we do not choose to hear.- Thus, noise billiard cue ball will impart motion to _a°
may, be' defined as 'unwanted sound." It line of gbilliard balls. Although each of
- s invades our privacy and disrupts the the balls moves with the disturbance, each *
enjoyment and full use @f our surroundings. - returns to its original position after
, At worst, it can affect our hearing, * collision ,with the™™hext successive ball; "
performance, and behavior. Inde€ed, mtllions ‘only the end ®ball, which make$ no further
of workers risk perﬁanpnt hearing 1loss from collision,’ moves, forward beyond its rest
exposure to noise in their work.. . position. In a similar fashion, the
. . . R vibration imparted to ‘the ‘air travels in a
R Not only 1is much'  of this noise chain-reaction manner from one air molecule
unnecessary, but it Is avoidable. Most to another until it eventually reaches our,
experts will agree that mode€tn technology jears. Colliding molecules produce a
\" for nolse control can be applied to .reduce pressure increase or a COmpresslon in the N
fuch noise to acceptable levels. Of ten air; molecules, rebounding away from each
noise arises .«hrough thoughtlessness ahd other produce a lower pressure or a
. neglect, and may be remedied by attention to "rarefaction". 1In spite of all this motdon,
a relatively few basic principles. . the individual 'air molecules do not travel
. ’ fary from their original .positions; it is L
. The objective -of this Guide is to only the pressure wave or the
explain and 1llustrate in. a simple manner comprigssjon/rarefaction disturbance that
. how many of the_ ¢ommonly encountered noise ‘moves \outward, 1like the ripples in a pond
problems can ‘be alleviated or even. into ich a pebble 1is dropped. We hear .
eliminated. ¢ K soundg bgcause our ears. respond to the
<, ' . h pressure fluctuations that have been set up
-~ HOW DOES NOISE ORIGINATE? . in the air around us. '
-/ Generally speaking, mnoise 1s’ produced A few noises* iginate. directly in the .
when ap object or surface vibrates ‘rapidly air. The most dramatic is the thunderclap
enough to geénerate a pressure wave Or that originates from, a discharge . of
disturbance in the surrounding air/; Air is lightning. The electrical foriis and the
a’rather springy, elastic substance composed local ( heating ,great® a sudden burst of
of small particles <alled molecules. The overpressure that~ compresses the air - '
*  elasticity.is due to, the " tendency bf these surrounding the path. This pushes the air
molecules to spring back to their .original outward, and the motion persists until the
positfons ,of, rest whenever , they are surrounding atr particles have béen pushed
¢ deflected or displaced’ by ome outside outward by the'- particles driven by the’ '
‘3isturbance or force. As ga <dound °wave., originalsggroke. By this ..time, the.column -
travels through the air, °'thé pressure of air hds been somewhat over-expanded, a
fluct@iations cause the molecules to vibrate _Process- that cools it and 1lowers the
back and forth about their normal positions, pressure with;n-it. As a result, some air

the column, 'g}

molecules are sucked back into



° b g -
. © ) v

- » ~ 4 .
and by the time they have collided with the there is litfle opportunity for the air to
¢entral part of the celumn, a pressure rise flow around and &equalize the pressure

) has beert generated that again pushes outward _between successive motions, as in the, case
on the column. What started out as a puls¢ of strfking a kettledrum. There you are
fro? a single instantaneous heat surge \\kchanging the pxessure in an enclosed volume, -
becomes a succession of high-pressure pulses nd the cancellation from the back surface

J separated by - low-pressure  pulses, whigh ishng:\éccur. . Ca

, gradually diminish as the wave motfon - .

h ' spreads eoutward from the column. These we . Except for our own voices, which reach
recognize as the compress ions .and us primariL{mthrough thhe bony structures in
garefactioné in a.sound_wave. L our heads, ost sounds reach us through the

. N A air. We say ‘they are airborne. However,

~ Another noise that originates directly sounds travel rapidly and ,with [little loss
in, the dir is turbulence. You can,see the through 1liquids .and solids. As long as
§ swirls of turbulence that your breath ! these offer an interrupted path, they
génerates 1if you blow into an iHAuminated transmit vibratiohs Yeadily. In liquids and
\c0lumn of smoke or dust, such as one solids the speed of $ound is ¥rom four to_
" illuminated*by. a beam of sunshine coming ten times as great as ‘it is in air.
through a window. The swirls that yousce. £
_ are larger in dlémeter~and slof®er id motion From experience you know that if you °
than the turbulence you can hear, but have press your ear against a wall in your home
- » gthe same -general form as -~the audible or apartment, you can hear noises arising
tutbulence I generated at the edge of "a from some distance. You may be able to
* jet-engine exhaust or the blades of a identify quite clearly your own dishwasher,
" high-speed fan. The swirls of turbulence a distant TV set, or the compressor in the
orlginate whenever a fast flow of fluid goes airyconditioner system. Often, whefh you
past a stationary or slowly-moving surface, . press your ear.against a water pipe, you can
of an obstacle or a fluid. . R hear the sound of running water, perhaps
o N originating %t a neighbor's faucet. Some of
: ' Most noises ure ‘started' by the ~ us have had ' the childhood experience of
, transfer of motion from a vibrating surface listening. to the railroad track to hear
! » .to the air lying next to 1it. If this motion whether there .was a tran on the line.

. is4 to be transferred efficiently,  the These are  examples of strycture-borne
riglatlng surface must be large compared to sounds.
thé spacing between successive pressure “

. pulses. The pressure pulses travel® through | ~ A disturbance continues to travel until
_the air at the speed of sound, ,345 it dissipates®  ilself and becomes
meters/second (k130 feet/seeond - a little indistinguishable' from the random motions of
slower than a mile in four seconds).  If the the molecules. We hear the sounds coming
pressure can flow from the £ront to the back from a 1liquid or solid when they ‘are
of the surface in a very short time, it can transferred to* our ears as pressure
restore the neutral condition, becau$e if fluctuations if they occur within . the range, -
the front surface. of a moving: object is of frequencies to which our ears are
compressing the atr, the back surface must sensitive. We  do not normally ~hear the.
ats the same .time be allowing the air behind thermal vibrations of molecules becausesthey
it to expand. ' * are too small and too random tqQ generate
- : - enough sound, and vibrations occur at
Ag far as the listenér is concerned, a . frequencies for which  our # ears are
sonic boom sounds vety much like a loud insensitive. . . ’ .
thunderclap. , Whereas the lightning - . ,
* generates an initial overpressute  by* THE CHARACTERISTICS ,OF SOUND OR NOISE.

eleétrical heating,- a supersonic plane or . . )
thre blade tip of a high speed belicopter . Thf various' physical characteristics of .,
generates the .overpressure by compressing /noise vibration, the way they travel

the air in- {ts path 'faster than the thyough materials, and how they react with
- high-pressure disturbance can- flow away. the surrounding environment can be measured.
This compression is called a ''shock wave". In many cases they can. be predicted,
Once the sonic booam. has been created, the\ gnalyzed and explalned
~suBsequent behavior of the sound is similar . . ,
. .to that of thunder. " T When acousQiciaﬁs. or noilse control
) - . engineers get together, 1in technical
.* You can generate relatively high sound discussions about noise, words like sound
levels with the motion/of a small syrface if power, sound pressure level, 'iptensity,
’ ’ 2 . . s’
Q . : / . * v . .
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-up to 95 dB,

+
«

frequently ‘ are
terms are by no
most people have a
,they represent.

frequency "and decibels
mentioned. - While these

rough understanding of what

.We percelve frequency as piteh, intensity as

likely to’ be concerned
with the general. level "of the noise rather
then the absolute over-all ‘sound powerg
level. * ;

loudness, and are

We . know that decibels (commonly
abbreviated as "dB") have some relation with
the loudness and powerfulness of sounds.

<Someone: living’ near an airport complains
that the aircraft’ flying over his heuse
produced a sound pressure level greater than
100 dB in"his backyard. We see’ from the
newspapers that there 1s a debate as _fo
whether heavy industrial noise should be
limited to 85, Jor 9¢ dB for any - employe's
exposure during an e{ght-hour working day.
On thie vther hand, te hear remarks that a
room meeting the 20 dB noise
represents ' very quiet conditions; that arf
ordinary office has a noise level of 40 to
50 dB; and someome.will mention that at an
ordinary symphonty . concert the sound levels
in the audienxe range from some 30*or 40 dB

/n ' '.

Decibel, usuallféwrltten dB

. The’ decibel was originally used in the
design of telgphone apd telegraph lines. It
is more commgn than the uniy from which it

was derived, for it is oné-tenth of a "Bel",
a unit named for Alexander Graham Bell by
experts in/ telephony. ((You l
this as a fate that alsg befell the meter as
a unit of 'length; small lengths are more
likely to be described./in centimeters, large
distances in kilomsgters.) . Originally, the
ratio between the power arr1v1ng at the end
of a long transmlsgion line and the power
put into the line at its input was expressed
as a loss in decibels; the intensification
of a signal passing through an amplifier can
be described by giving the ratsdio between the
power of the odtput signal for a given input

can recognize

e

contour .

v

3

sifnal as a gain in decibels. The decibel
scale counts ratios in poweks of 10. A’
power amplifier with a gain of 10 dB has

*power by a factor of
10. An umplifier with a gain of 40 dB has
multiplied the power at
factor of 10,000 610 x 10 x<10 x 10):
decibel dcale offers a

in

N The
advantage
large range of power that characterizes thé
sounds we are able to hear Consider for a
moment the Tange of sensitivity of the human
ear.s If we were to asgign the value of one

s

(€] e . . o

P
. ’

gredt.
acdustics because of the véry,

the 4input by a,
g%,

/

“as the

/ meter reads

unit to the smallest filux of sound ﬁower
tha't Lhe ear can hear, commonly ' referred to
"threshold of hearing', then a value
one million million units would be given
‘to the greatest ‘power that the ear can
withstand ‘without sSuffering immediate
discomfort, which defines the 'threshold of
pain". {The ratip=~of one %llon million is
written by enginedrs as 10 » meaning, that
twelve successive multiplications by ten of
the threshold power would be' needed to
produce this threshold of  discomfort.) If
one were to plot this ‘enormous -range on
graph.papér with graduations of 1/25 inch (1
mm) per unit of sound power, it would leave
the. threshold of discomfort at the far end
of a_sheet of paper 62 miles (100 km) long.
Sorted out by powers of ten on the decibel
scale, the rqnge of sound power 1level
between the threshold of hearing ® and, the
threshold of pain can be.compressed between

of

the limits of 0 dB and 120 dB respectively,

and by choosing 1 m per dB, can be plotted
easily on a graph the size of ordinary
writing paper., i

On the scale, the'souﬁd-power

decibel
level of 0 dB does not indicate an absence
of sound; it -ndicates a level of sound, at
a frequency of 1000 Hz, (one Hertz = one’
cycle per ,second, ' see the discussion of
Frequency and Pitch) jugt barely audible to

a person with normal, unimpaired hearing.
It turns out that a 1-dB difference in gound
level is about the ° SmXQLeyt.relatlve .change
that the average person can dgtect

-Sound Level Meter:

\

measured with a
an' electronic

‘are
basically .

Sound levels
sound-level meter, '

instrument calibrated to read sound Ievel’
‘directly in decibels. It ‘Ras a*mfcrophone
that converts a sound-pressure variation in
the air dinto an electrical signal, an
amp}ifier powered by a battery to raise the
sig&al level enough to eperate an indicator
needie, and an attenuator to adjust the
signal level within the range of the meter's
gcale. . i ’
'S

For. its basic setting, the  sound level
the, total of all sound within .
the range of frequencies, heard by the mormal
human ea¥. As an example of whaf the meter

indications signify, we present in Table 1-1

the sorts of teadings you would see 1if you
were to také a sound-level meter in  your:
hand and expose 1its microphone to common
sources of sound in your environment. >

Behaved just like the
meter, . the direct

Now, i¥ your ear
simple sound level

Ll

-~

.

.




_ TABLE 1-1
COMMON' NOISE SOURCES AND LEVELS

‘

Sound Level
Reading,

Sound Pressure at
Meter Mlcrophone,

Ratio,
Sound Power to
Hearing Threshold

Meter .
dB

Noise Source

Near large/jet plane at ° ..
takeoff 140

130

120

110

Air-raid /siren
Th{eshoyé of pain
T undeg, sonic boom

arbaéé truck, trailer
truck, at roadside

5 ft

100

Power 1lawn mower,
-

({.S m) 90

Alarm clock, vacuum cleaner,
garbage disposal . 80
. .70
60
50
40
30 \
20
10

0

Freeway traffic, 50 ft (15 m)
Conversational speech- .
JAverage residénce
Bedroom /3;‘
-'Soft whisper, 15 ft (4.5 m)
caway .

Rustle of leaves
Breathing-
Thréshold of hearing

(In the modern metric units, sound pressures
newtons/m? = 20 microPascals.)

) T 1(=100)#x-

Newtons/m *

" 10tb
1013
1012
10!

200

10!0
10°

108
107
106
103
104
103

102

0.0002
\ )
Jot

0.00002

are given in "microPascals"; 0.00002

‘e

-

v -

*The power in a sound wave is proportional to the square of the sound pressure

.

_**The'threshold of hearing is about 10~ 16 watt/cmz,.at all times you are listening.to a very

. small fraction of a watg.

. B
4 ‘
n, - . . N

readings of ‘the meter.woduld . be all that you

. would need to measure the extent of a noise
ptoblem\ However, high-pitched sounds --
the.calls of birdg, the upper notes of a

the censonant sounds
all can attract Your

piano, insect chirps,
. of speech, whispers --

v
" attention.at low sound levels, in fact at
' levels so low that sounds of Jlow {£requency
,and similar 1ntensity, as for example a

distant ‘airplane, might easily go unnoticed.
sThe ear is particularly sensitive to sounds
in the middle of the dudible range, but has

less $ensitivity at the extremes of the
. range. in a ‘sound level meter, this
. property is approximated by equipping the

filters that screen the sounds so °
to‘sounds of different

‘meter wit
that, the sensitivity

-t

P -

RS
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>

freqﬁenties resembles that of the ear; these
filters are called weighting petworks.

»

4

A-Weighting: ' a .

which the ear weights sounds of equal level
but different frequencies by showing you a
set of '"equal 1loudness level
* These values are measurgd by asking .subjects
* to  match the 1loudness of a test sound
against fa standard kSOund.a Usually <the
standard sgund is a pure tonge whose
frequency is 1000 Hz (about the top note of
a soprano's range). A -? set of
equal-loudness. contours 1is
1-3, and we have superimpgsed some typical

.

12

We Ttan give you a picture of the way in .

contours™..

these®
shown in .Fig.

-

[
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. ; ¢ . ;
sound éources at their appropriate sound A-wejghting of a sound levél meter has been !
levels. and at the * dominant frequency that found to agree ‘reasonably well with
.determines- their 'relative loudness. Until subjective response’ to the loudness of
fairly high levels of sounds are reached, ‘sounds. When an A-weighting network has
the congéurs are more or. .less paréilel to been used:. to filter the signals applied to
one another. 'y the output meter of the*solind level meter,

. : this fact is 1ndicated by writing "dB(A)".
) . The A-weighting . netwark’ on’ a soundg., -As an example of what the filter does,
- .level meter is designed to adjust the consider an air conditioner whose noise you
sensitivity of the. meter , to sounds of set out to measute. Much of the fan and ™
i different dominant frequencies so that its air-turbulence noise is lowafrequency; some
indications show more nearly how the ear hum at low multiples of the power-line

might respond to moderate sound levels. The frequenky is radiated by the fan motor. YThe
. S 6 \ y
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* customary

. Vibrations that a source of

*second,

AERIC

the grille” is a
In the absence of any
level meter might

whistling of air through-
high frequency sound.

weighting, the sound
. indicate 70 dB as the sound  level at_ the
gri11e With the A-weighting network, some
of the Jlow-frequency power is attenuated in

the meter weighting circuir, and with ther
A-weightihg network in place, you might get
a reading of ‘"only 58 dB. It would be

to. report this reading as ,"58

dB(A)".
At high’ sodnd levels (90 dB and -above)
the ear seems to perceive spunds more nearly
e a .'flat" or unweighted SOund -leyel
meter.
weighting. There 1is,
that is wused to approximate the loudness
weighting asc¢ribed to the ear for a 70-dB
contour —- it is intermediate between A and
C weightings. o -

also a "B" weighting

The Notation "dB(A)" Lt

This guide will follow.the practice of
reporting sound level meter igdications read
with amr A-weighting network as dB(A). Many
regulatory agencies of state and 1local
government use only the A:weighted
indications when they are dealing with human
responses. When 1in thig guide’ sound-level
meter readings are indicated hm@rely’as in
dB, they represent the unweighted readings
of the sound level meter, obtained with the
"flat" settipg of the, meter.

Frequency and Pitch

S

The complete to-and-fro
sound makes in

frequency of

number of

one second 1s called the
vibration. For example, if a loudspeaker
cone moves back and forth 100 times in, a
second, the ° frequency of the tone it
radiates is' said to be 100 cycles. per
(the conhe has executed 100 cycles of
the same motion within one second) or, in
modern metric .terminology, 100 Hertz
(abbreviated Hz). . :

The ear senses the frequency of a sound
as the pitch. Sounds with frequencies near
30.Hz are sensed as having extremely lov
pitch, whereas sounds near the upper
frequency limit of hearing at 15,000 Hz are
judged to have an extremely high pitch. The
noise of bacon sizzling in- a ,pan is judged

to be high-pitched, whereas the rumble \9f ’

distant thunder is low-pitched. The small,
high-speed wings of a mosquito radiate a
higher-pitched whine than-~do the larger,

somewhat more slowly vibrating wings of a

.bumblebee.

.
L 4 <
.

'Sometimes this is designated the "C".

~ pitch.

. (W - T .
.
.o . -

The ear recognizes the doubling " of
frequency as producing a similarity of tone
Quality. Musicians call this change the
octave. _To produce the same pitch change in
*different parts of the frequency ragge, the
interval must be adjusted to be proportional
to the frequency. The scale of .frequencies
in Figure 1-1 is adjusted for this property
of hearing, and you may notice xth each
doubling of frequency takes up the same

v horirontal, interval.in tlie figure.

N

Loudness, Sound Pressure’and Intensity -
‘Loudness may be deScribed as a human or
subjective measure of the pressure or
intensity of sound. It can be ordered on a
scale with limits ranging from whisper-soft
to .painfully loud. We have already seen
that the -loudness of a sound of a given
intensity dépends upon its frequency- or
However, if we present a’' sound of a
given frequency 4t different'levels - and ask
a person to assign a number representing its
- loudness, Ve Tind that - as a '"rule of
thumb" -~ doubling of loudness corresponds
roughly to a 10 dB increase in sound level.
(Experimentsfgive from 10 to 12 dB) Tablé
1-2 relates” cuanges in, sound level to the
average person's perception, of ,loudness.

TABLE* 1-2 ,
h Y
_ SUBJECTIVE RESPONSE TO ,CHANGES
IN SOUND LEVEL .
Change in ¢« N

Sound level Change in Loudness

‘t 1 dB Requires close attention to
N notice
+ 3dB Barely perceptibke
+ S dB , Quite hoticeable .
" %10 dB Dramatic; nearly twice or
half as loud .
"+ 20 dB Striking, fourfold change
You can see now that Figure 1-1 gives
you a picture of how the ear weights sounds

of equal level but different frequencies.
IHe ordinary noise sources are shown' at
their typical sound-level meter ‘feadings in
dB, plotted at. their dominant frequencies.
These are * the indications that the
sound-lgvel meter would yield as measured at
the position where the sound would be most
likely to ,be experienced. For some
appliances, such as a bIender or a pdwer
mower, at the position.of the’ operag&r, for
vehicIe§ on a highway, at curbside; for

)
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~ *
aircraft overflights and n€ighborhood noise
sources, outside the-home; for-such sounds
as the ocean, bird calls, or thunder, at the
position of the , observer out-of-doors.
¢ Superimposed on this” plot are contours of
equal * loudness for pure-=tone sounds,

" given contour any pure tone at the sound
! level and “frequency indicated will be judged
by the average-person to be equally-as loud .
as any other tone along the curve. For’
example, ' on ~the lowest contour, the
"threshold of *‘hearing'", a 50-Hz tone at a
level of about 45 dB sounds équally as loud
as a 500~Hz tone at, 5 dB. The
audiofrequency spectrum from 1000 to 8000 Hz
(approkimately the two top octaves of ™®he
.ptano and the next octave beyond) covérs the
region where your ear is gost sensitive.
. Some of,the more distressing sounds, such as
the squeaking of chalk on a blackboard lie
in this region. It is in this region, also,
that the ear is most vulnerable to damage by
a noise or disease.

.

Phons:

EL" ‘" In Fig. 1-1, the spacing of the
contours is chosen to be in even increments
of the, 1000-Hz .standard tone, as read on a
sound-level meter. The contours connect
sound Jlevel wvalues where the loudness is
alike. Each contour 1s rated numerically
for the sound-level of sthe 1000-Hz tone with
. which other tones og the contour -are
¢ comparable. Although they, too, are written
as dB, the units related to the cantours are
ne longer sound-level, but '"phons”,-and now
‘represent a leve?t of loudness perceived ‘to
be equal in effect to the 1000-Hz tone
through which the contour passes at a
sound-level inditated in the decibel scale
on the left-hand margin of the graph.

o
*
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Pure Tone and Broadband Noise

-

.
.

Throughout this guide some noises may
be described as pure tones, or as having

may be described as being broadband in

character.

.

Aruitoxt provided by Eic:
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. depicted by the” solid curved lines. On a~

pure-tdne components, whereas other noises @

-

Pure Tone: .

A pure tone 1s the sound radiated by a
source vibrating at a single discrete
frequency" For example, the sound emitted

*by a tuning fork that i's properly struck is

.

»

remarkably pure in tone. Similarly,
striking a sipgle key on a piano or plucking
a single guitar string produces a relatively

Pure tone. The average person can produce a

reasonably pure tone simply by puckering his
lips and whistling a note. A chord struck
on the strings of a guitar. is an example of
a tone ,made up of a number of pure-tone
components.

Broadband Noise: —\\-“ :
Broadband noise, on the other hand, is
a complex mixture of sounds of different
frequencies. ¢ Often these mixtures -are
changing rapidly with time,. The sound
produced by a nearby waterfall or a pounding
surf is relatively broadband in character.

In many instances, noise sources
radiate both broadband %oise and pure-tone
components. A jet plane at tagke-off, for
example, radiates a combination of such
noises. There 1is the shrill whine of the
turbine, which may have a pure-tone,
whistle~like chdracter, superimposed on the
broadband roar of exhaust noise. The vacuum
cleaner emits a siren~like - sound from its
impeller, generates whistling noise in some
corrugated. hoses, and also produces
broadband air- suction sound. Wind blowing .
past overhead power lines often generates a

pure- tone whistli sound which stands out
against the backdtound of the broadband
noise of the wipd.” - ' \

v . ‘

yome .
There 1s some ewidence that pure tones

.are Jjudged “%to 'grow" in loudness as they
8 L

ERIC : S

endure over“a time intexval of a number of
seconds, Whereas broadband noises soon reach
a plateau of loudness. This is not
indicated by the usual methods of measuring
equal-loudness contours because _  comparisons
ordinarily *“are- made between sounds of
similar Jurations. Hiowever, <this featuare
does have & béaring on the TChoice -of
procedures for noise abatement. Special
effort to remove pufe tones is advisable.
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Chapter 2

A NdISE AS A HEALTH HAZARD

When you are. in a sound field whose |
level as read on a sound-level meter, is 70 °
dB or more, even though you know consciously

"that you are ih no hazard, some part of your

body tries to run away. - The signs of this
are the common symptoms of nervous stress:
Ygur heart beats more quickly; breathing
becomes shallower and faster; the pupils of
your eyes dilate; the small blood-vessels in
skin contract; your blood pressure
rises. These are the actions of a body
arousing itself *o escape. During sleep the
sound level need only. exceed 55 dB to
produce changes resembling the waking stress
for 70 dB.

You can become ‘accustomed”" to the
noises in your environment, but all that
this means is that you can become accustomed
to eliminating the noise from your cronscious

attention. The physiological effects

persist. If yoy are compelled to work jia

noisy surrbundings, the only warnings of

acoustically-induced stress may be signs of
_fatigueand nervous strain. ,

.Experiments with anesthetized animals

show that the 9tress reactions persist at

the same levels whether or not the animal 1s

aware of them. Adaptation to the streSS
does not occur. Studies of noise reactiong
of people :1living in crowded neighborhoods
also have shown that, over a period of
years, the rate and kinds of complaints
about noise did not change. .

No gne knows how many of th% '

stress—induced diseases of our modern " era
are made more prevalent by the rising .noise

leyels in our densely-populated Tities.®,
Nofje that these levels *do bt affect
hearing. Nor do <the results,mean that all

noise should be edcluded. Studies of the
effects of noise upon work indicate that§
some degree of ambient sound (which might as

well be pleasant, such as the sounds of a
fountain, or background music) helps
maintain arousal during repetitious tasks;

only the very highly-demanding mental tasks

are done  better in wholly quiet,
surroundings. .

Noise damage to hearing is an insidious”
process. The immediate effects do not,
always indicate the ultimate results of
exposure, Exposure to a mildly excessive
noise level results in a temporary.
desensitization of the ear, the so-called
"temporary threshold shift', a temporary

* oy -

D) .

. and

speriods

/ .

loss of the ability,to detect faint sounds.
Noises likely to cause a temporary threshold
shift are encountered during subway rides
airplane “trips. -Some _ degree of
temporary threshold shift may be detectable
even on the day. following exposure, but
Jdltimate. recovery can be comp‘ete )

However, this pattern of threshold rise
ahd recovery sometimes goes pn through a
number of, cycles without any further
evidence of damage, and then there may be a
sudden failure to make complete recovery.
This permanent effect - "noise-induced
permanent threshold shift", sometimes .
abbreviated 1in capitals as NIPTS - 1is a
sensorineural A hearing loss. That is, the
damage is located at the auditory nerve,
itself, with serious consequences.

.

Studies of NIPTS over a period of time
have shown some evidence that persong are
particularly likely to suffer hearing damage
when they are going through phy51olog1éa1
change or enduring physical stress such as
rapid growth or illness. Thus, the common
practice among teenagers of listening to
extremely loud amplified music for long
of time, especially through
earphones, may have very serious
conseqyences. Young persons, in particular,
frequently engage in several “activities each
of which may be sufficiently noisy to
constitute a hearing hazard. Fgr xample,
it is not unusual for a high school student ~
to earn spending-money during summer -«
vacation by mowing nelghborhood lawns with a’
typical, usually very noisy, power mower,

The same person also may rehearse several . '(
hours a week with a loud rock and roll band;§ |
then play for hours at the Saturday night z-
dance. And finally for excitement or o
recreation, the student may spend his
leisure time riding a powerful but_ .noisy ‘
motorcycles water skiing behind a no.sy J
high—speei motorboat, or perhaps skeet
shooting at ‘the gunnery range. Although no.
one of these activities may
|
\
|
|

-

cause any
hearing 1mpa1rment for-short or infrequent
exposures, they ¢annot be taken all togethef
at frequent intervals\ risking
hearing damage.

without

PRECAUTIONS

have no reliable
permanent loss
shift, a i
situations .

WARNING #1: Because
way to predict the degree o
from temporary threshold
conservative policy is td avol

1o .
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giving' ris to temporary threshold shift.=»
Any person whose hearing does not recover
within a few days after .an exposure that’
induced.a threshold shift should avoid any'
furthér exposIre to sounds of ,that level,
and/ should take positive action, to protect
hi hearing. He should not return to that

enWvironment without protective equipment.

¥ N .

After exposure to sound levels of 85 dB
above for lengthy periods of time, a
ignificant number of persons will be found
o have a’ permanent hearing logs (NIPTS);.
his degree of exposuré‘essentially ,doubles
the ineidence of hearing loss beydnd what
would occur from mischance and disgase
the course of aging. For exposures abave
thist Level, the incidence of losses’rises
fairly rapidly ,with the sound level to which
persons are exposed. Since there is some
reason to believe that §0 dB ,represents the
point, from which the damage risk begins to
be significant, it is obvioudly a good idea
to fyo@d continuous exposure \Fo any'lgvels.

] N ., »
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The vibrauons of the eardrum
hd 3 cause the bones in the middle
A ' : ear t0 Move back and forth Hke
~ 4 tiny ievers Ths lever action con
serts the large ofbtions of (Fe &
Grum into the shorter more force
ful mMoons of the stades °

" \{Vhen you hear:
i

' »
1 =1 Sound waves enter your ear travel
through the auditory canal and set
up HBALONS (A the eardrum

' 4 The movement of the foatpiate sets
up MAAons i the Rud that flls
the cochies.

5 The movement of the fiurd Causes
‘ i the hajes immersed :n the fuid 10
move The movement stimulates
the attacheq cell t0 send a tiny
impulse along the hbers of the

uditory nerve 10 the blam

AY

. .

~

in

>

7

1

voice
Y ’

above 80 dB for . any -~ length of ‘“time
_comparable. to a wofking day, and to wear ear
protection if exposure ,is necessary. The
potential damage point {is indicated fairly
reliably by conversational effort. - -

WARNING #2: 1If
to carry on/a
distance of 3-5 féet from the person with
whom you are talking, you may bhg subjected
to a potentially damaging exposure. (See
Fig. 7-1, Chapter 7) Not orly does it incon-
‘venience you in your conversation at the
moment; it may make it difficult for you in
» the future.

ou have to raise your

‘conversation at a

L

Figure 2-1 is a diagram of the process
whereby the sounds arriving at your ear
through the air reach the auditory nerve‘bg
the entrancg to your brain. Like any
well-engineered system, your ear has a few
external protective devices. If you are
exposed to an excessively loud noise, the
muscle tensifig y6bur eardrum pulls taut,

.
.

.

3 The tootplate at the inner end of

the stapes moves 10 and out of the

oval window at the same rate that

the eardrum 13 vibrating.

——ee

6 Jn the brain the impuise 15 trany
ed 1nt0 the $ensaton you know
23 sourd

Fig. 2.1, ASCHEMATIC DIAGRAM OF HOW THE HUMAN EAR FUNCTIONS
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desensitizihg it. This “stapedius reflex"
takes place at sound levels between 80 and
5" dB. The point of onset of the reflex
aries with 'ing\Lvidual segsitivity. Some
persons can operate the stapedius reflex at

will; from- their -experience it is evident
that the desensitization 15 of the drder of
20 dB. Thus the protection afforded by the

‘stapedius reflex is important.

However, a ‘burst &f intense sound
pressure tod _anupt to give the stapedius
reflex time to act can occur. This is
particularly true §f a shock-wave from a
gun-shot or a pressure burst from a box on
the ear. In that event, the drum membrane
is likely to rypture, causing a temporary
loss of hearing and a hazard of middle-ear

.suffered little change.

-, ' . g
infectiom. However, if no infectionfollows
the injury, the membrane will heal. Except
for the effect of .the Wweight of the 'heavier
scar tissue that 1is likely to form, the
ultimate sensitiyity.of the ear will havg
Desensitization due

to scar tissue may Dbe.enough, in gome-
ipdividuals, to lower the response of the
ear to high-frequency sounds, where the
critical consonant sounds ,of speech are
located, and where the cues to musical tone
quality are transmitted. (Since it 1§
sometimes necessary to lance the’ drum

membrane in cases ' of middle-ear. infection,
with a consequent formation of scar tissue,
it is clear that any ear infections must be .
attended to at once to avoid a residue of.

permanent loss.) . .

Hair Cells
Inner Outer

Reticular
Lamina

A\‘g“%\““ . Celts

AN

Pitlar Cells
* , Nerve Fibers

(A} NORMAL ORGAN OF CORT!

N A
o

Tectonal Membrane

Suppomn?\

3 Quter Hair Cetls Absent

Dastorted
Pillar Cetl

Swollen
Supporting Cells_

(B) PARTYAL INJURY

Collapse of,Qrgap of Corti .
Hair Cells Absent — Accessory .
Cells Swollen and Distorted” R

o

~ . I3

-

-4
Nerve F;ibers Reduced ' o Nerve Fibers Absent
in Number - N
(C) SEVERE INJURY ~ (D) TOTAL DEGENERATION ~ *
. B . N A
v ‘ L. '
Fig.2-2. DRAWINGS OF THE,HUMAN ORGAN OF CORTI ARE SHOWN THAT ILLUSTRATE
’ THE NORMAL STATE, PANEL A, AND THE-INCREASING DEGREES OF NOISE-
INDUCED PERMANENT INJURY, PANELS B, C, AND D. THIS IS WHAT YOU WOULD
SEE IN A SECTION VIEW CUT'ACROSS THE REGION OF THE HAIR CELLS SHOWN
IN Fig. 2-1, INNER EAR. . ~ . ’
. ¢ ’ 10 - « )
Q ? © J_ o)
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. It is damage to the hair cells in the
inner ear that causes ,the irretrievable
losses that are associated with noise
damage From experiments on animals, it has .

been found that loss of 15-20% of the hair
cells that respond to high frequencies will
produce @ rise in threshold of about 40 dB.
This loss, for human beings, occurs first in
the region most important for discrimination
of the consonant sounds of speech - in the
rangé from 4000 .to 6000 Hz. If you look at
the diagram in Fig. * 2-1,* you can see that
< losing a fractionp of the TWair cells is
comparable in, some ways to the loss in
vision that would occur if scattered areas
of your retina were destroyed. Although the
‘effect observed by measuring your threshold
of hearing is simply that your threshold has
risen, which is the same sort of observation
titat would be made 1§ the injury were in the
drum or~in the. chain of bones ‘in the middle
ear, something much - more  serious has been
lost: - speech becomes difficult to
+understand.

Loss' of hair cells 1ﬁpairs
resolution that your ear™, can bring to bear
on sounds. Even after ampllflcatlon, the
loss of resolutidn remains. As you can see
from Fig. 2-2, which shows the damage to
hair cells as a result of noise exposure,
« neTve endings have been put out of action.
The loss impairs particularly the ability to
understand, conversation in the presence of
nofse. With a"severe 1losg of hair cells,
although a person can use a hearing aid to
Q\')}aermit him to hear sounds at levels

comparable to »those heard by persons with

normal hearing, fe may net be wvery

successful at recognizing speech. The
.average person who has suffered a
sensorineural hearing loss thit raises his
unaided threshold above the normal by 60 dB
will generally have a significant degree of
difficulty in wunderstand¥ng speech eyen
while he wears his' hearing aid. Thus a
permanent threshold shift produces a
permanent impairment of hearing, and the
only practigal remedy is prevention. Figure
2-3 showgcc recovery times in  quiet
surroundings recommended to minimize hearing
loss caused by exposure to hazardous sound
levels. - )

If you have been exposed to an
excessively intense noise, you are likely to
notice a %inging in your ears as an
after-effeot. This 1is called "tinnitus”,
and it seems to represent a spgntaneoug
firing of signal impulses by the hair cells.

Also at sound = levels that are-potentially
damagin¥ to hearing, you. may notice that
music acquires a’' complex, sometimes
Q
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discordant sound.  'This is* because the ear
produces mixtures of tones instead of merely

transmitting the soufid stimuli. Only the
rhythmic patterns of music may remain _
esthetically pleasing. At these 1levels,

some effect is sensed ,on the semi-circular
canals of the ear that normally respond to
orientation and balance. This gives a
sensation of dizziness, which 1is- perhqps
cultivated by devotees of- rock-music as a
pleasurable sense of detachment, analogous
to drunkeness. Like the over—consumption of
alcohol, continuous very loud sounds lead to
an end-point of seasickness. and nausea. You,
can literally experience an "acoustic
hangover". -
WARNING ~ #3: At still higher ‘sound
levels, a "tickle" sensation is felt in the
ear, and with another 10 dB rise of level,
sensation of pain intrudes. .The pain is a%
important though perhaps tardy warning.
Very 1little exposure at the threshold of
pain is needed td produce a permanent
‘hearing loss in susceptible individuals.
Another serious flaw in this warning system
is , the ' fact that at present we  cannot-
predict who is susceptible. (There 1is some
reason to suspect that susceptibdlity is
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‘permanent,

-
- N
s

enhanced by large-scale changes in %the
physiology of the body, as in adolescence. )
fact that persons in noisy-
occupations and with noisy avocationsg are
found generally to have various degrees of
sensorineural heaxlng loss.
Among the pleasures having mote devastating
consequences are rock music, target shooting
and snowmobiling. Hea¥ring loss. due to
gunshot in warfare is very prevalent.

~

It is a

’The readings of'aﬂ orhinary sound-level
meter will fail to indicate the true level
of rapidly peaking solinds because the needle

of she meter is too sluggish to follow the
sharp pressure chapges that) occur on
impulsive sounds Iike shots,‘ or even the
. sounds® of . a poorly-muffled internal

combustion engine, which after all, derives

its power from the exploSions confined in
" combustion chambers. This makes it
difficult to estimate exposure to impulsive
" noises. R
v :
‘HEARING PROTECTION -
We are hampered in preventing a great

,{to increase

deal of
bravado

hearing loss because of a degree of
that causes some -people to shun
wearing hearing protection. Since .hearing
loss is subtle and invisible, perhaps it
seems illogical to choose a visible means of
prdtection. Some types of ear* protectors

are “shown in Fig. 2-4, . ;

insert-type ear protectors are
usable where perhaps 10-20 dB of protection
is sufficient to eYiminate the chante

hearing loss. In general, these
effective for high-~frequency.sounds such as

, Simple

whistles ‘than¥® for~ low-frequency sounds such
ot- '

as machinery noise or jet turbulence.
ton worn in the ears is not very effective,
only a little better than nqthing: However,
in a pinch, you can derive some real help
from cotton soaked in vaseline or soft Wwax
its mass and sealing power),
and pressed gently intp  your - ears.
Commercial ear protectors of the deformable
soft plastic type provide s€ill better
protection. At most,g yot can count (on
interffally-worn ear protectors for a 10120
dB reduction. . . \

off

Really effective protection is
by over-the-eat muffs, which look
relatively large pair of headph
may have seen these on the pers
at airports. For maximum
muffs and inserts may b
combination of muf

ection, |
worn. Even the

and ear protectorsl,

s > \

-

of
are more\—/

-

- .

can offér little more than 40 dB

{ody by
avity,

however,
protection, +r for sound can enter the
other paths, entering via the chest
the throat, and the bones of the head. If
yoﬁ translate that idformation into the
conditions of your environmgnt, you cannot
semain for any length of time around sound
levels in excess of 120 dB without walling
yourself off from the source of sounds. In
operating noisy machinery, workmen may find
it necessary to observe and control the-
operation from the window\ of an isolation
booth. \\\
N 13 -

If you are conce;ned'about appearances,

be assured that these are not as obvious as

‘hearing loss, for a hearing loss at high
frequencies destroys the referee that
enables you to monitor your own speaking.

Not only do you have. trouble hearing other
people, because your hearing loss slurs and
obliterates the consonant sounds of speech
your own speech becomes like what you hear.

How can you protect yg hearing? The
following notes may help;
Avoid Situations Where g
1. You have to raisé your voice\ to
cobnverse with anyone.
©2. Ordinary melddic. music  sounds

discordant. . }

" 3% You can't manage to talk over the
telephoﬁe.
8. Sharp noises are repeatedly making

your ears ring. ) \ .
! 5. Everything seems too bright and too
loud. ?
6. The racket makes
"think straight".
7. You begin

it diffi«

to feel detacﬁed'and a

little dizzy. . !

8. 1In a short while you begin to fee;
tired and dazed.
9. The noise makes you feel seasick.
. t

Your Hearing May Have Begun To Deteriorate

.When It Seems That

N

1.  You have trouble recognizing what

" is said from the stage or pulpit.

2. . You haxe to ask people to’
hat they say.
3. People
say ’ .
4. You lose the thread of corVersation
at the dinner table.

repeat

ask Yyou to rgpppt what you

5, ° The birds seem to have stopped .
singing. '

6. Yoy miss the telephone bell or the
doorbell.

fo.

’
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. Flg 24, SOUND ATTENUATION CH RACTERISTICS OF VARIOUS TYPES
) . OFEARPROTECTORS . <
I\ " , . . ] ‘ f . ~ ‘. ©
* 7.7 Your family repeatedly asks you to Even if u are the sheltered, indoor
turn down. the TV or radio. type of per'so . oL, s
8. " People seem to have begun to Power + tools,  "industrial
mumble. o vacuum-cleaners » superpowered Hi<Fi, rock-
- music bands. .

Be Cautious in the Use of These Devices

.t >

*1f you garden:
. Power lawnmowers, chain
mulchersu'lawn vacuums, lawn edgers.

saws,

For the spqrtsman:

Guns, speedhfats, snowmobiles,

'motorcycleg, all=terrain vehicles.

.

f .

HOW TO /AVOID RISKING ‘YOUR LIFE AT NOISE";‘
-LEVELS NOT DAMAGING TO HEARING i

R

A high sound level can konqé%f the

presence of rival - ’'sounds-- "in  your
environment, or ~ reduce their apparent
loudness, thus removing their"capacity for
attracting your atténtion. This

. concealment, known as ma”kﬂng, can prove
fatal. —
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noise
noises

of the fire truck.
were in themselves

Since the car
not negligible,

. @
- -

For example, in a modern car with comunities would benefit from a dramatic
stereo and air-conditioning running, someone g Acurtailment in the ‘use of a highly
we know dtove happily out of her.driveway __ disturbing source of roise pollution and
and collided with a fire engine. The car perhaps a significant improvement in the
was aotal wreck. Two factors militated safety of conducting emergency Or rescue
against her:. In the first -place, the closed_~ missions. ) :
car windows attenuated exterior sounds. ‘In . .
the _secondﬂplaée, although the car radio Lesson 1: ~In order to  hear sirens of

. masKed the motor noises anﬁ the air emergency vehicles while you are driving' an
- conditioner with pleasing sounds, it also ~ air-conditioned or .phefted- car in- city,
masked out the warning siren and the engine traffic,. do not clesé.it tightly. Leave an

. opening of perhaps half an inch (about 1 cm)
in the window next to the driver's seat, l

she was of.course actually operating the toe
> radio at unduly high sound‘levels In order . Leaving the window next to your . ear
to have overridden all this sound and caught raised enough ‘to .pYevent "%$ne~of-sight"
her attention, the fire engine's siren would access frdm the sounds of the foad has some
have had to bge intense enough to offer a advantage. Itswill generally not interfere
wisk of hearing _ damage to the firemen with the: sounds of sirens and warning
themselves and to pedestrians on the stfreet. whistles, which are ordinarily pitched:in
. the\ra ge from, 500 to 3000 Hz, but some of:
. The most common(function‘%f_a siren is the high- frequency rbad noises generated by
to alert motorists and pedestrians to clear tireytreads and exhaust turbulence will b
the road for an approaching emergency \kept from reaching your ear at -.levels hng
vehicle. Tower or roof-mounted sirens, on enoygh to indyce acoustic fatigue. Use your
the other hand, alert the populace to  some ' radto.\wsparingly and at_“low volume when
K impending danger, such as an air raid, or drivi in any degree of traffic. »¥ou have
summon volunteer fire, fighters a% the case more at stake than your hearing, However,
— may be. .-Although the nois€ 1is _intense you myst still be . alert " because the
enough to, and often needlessly does, awaken partially epen window offers no guargntee
N " large segments of a Sleeping community, it that yi& wild hear an approaching siren.
) fails all too frequently to achieve its main - .
objective, that is, to alert the motorist. A careful industrial study, has shown
This failuré is due to one or a cambination that perbons in noisy environments psadually
of ‘the following factors: - require  --longer tinds to rejct to”
‘ . semergenc ®s; we say ‘their reaction times
—vehicle windows are closed ' -have increaséd. This points to a specdial
) hazard:~ Redction time 1is known to haye an
—hfgh noise level in the vehicle due to influence on accident rate. (one of _the
operation of radio, fan or air important consdquences of the consumption of
. . _ conditioning equipment or the’ i alcohol, and of such medicinal agents as
- intrusion of engine or traffic noise tranquilizers and antihistamines,” is an
) . increase of reaction time.) Further, in the
oo -preoccupation or, distraction of the noise exposSure cases it was found <that
driver, v - although fot the first day or two of-
- exposure, a rest \pe%pd of an hour gr more
For ~the motorist, the ideal warning ' restores the. reallion time, continued
device would be a small buzzer or alarm with " exposure to noise in succeeding days is no
perhaps an intense flashing light installed longer éompensated entirely by rest.
on the dashboard of his vehicle that could PR s )
+ be triggered or set off by a short range In the industrial experiment, persons
radio frequency transmitter on the emergency working for ah ‘eight—bour day were tested
. vehicle. Both the warning buzzer aw ljight before and after each four~-hour work
could be modulated to buzz: and flash at a session, with a lunch hour between. Each
N gradually increasing rate as the emeygency group in this study had just returned from
vehicle approached, to alert "the motorist as vacatdon. By . ﬂbdnesday o;/Each week, the
to its proximity. reaction timey in the morndng was lengthened
\ . a little, and full,recovery did not follow
Similar warning systgms’ could be «. the noon hour. By - Thursday, and even
installed in the station house and homes of © further on Friday, the reaction time was
volunteer firemen. If the installation of lengthened at all rifes, and xecovery was
such equipment were made mandatory in all poorer. On PFriday afternoon, the reaction
emergency and,” automotive vehicles time was nearly 50% longer than the normal
. ’ - ll{ . " : . _
Q . I's ‘ s - ,
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level following extended rest.
_ due toy the work:

This.was not
Half of the subjects of

the Stddy were merely sitting in the noisy

' environment beside their working companions.

.
Lessom 2: For maximum safety, yéu
should break up working spells in a. noisy

environment by taking,a full day's rest in a
quiet area at frequent intervals. It is
worth noting that you can enhance the safety
of your family on 1long trips by automobile
simply by breaking 'the trip after four
hours' driving, for a rest of atsleast an
hour in a quiet surrounding, and bfumaking a
one day stopowdr for every three days,.
preferably two days of driving. The
défigition of "quiet" has been found by
experiment, as well: Full . recovery from
acoustic exposure deffands a quiet area in
which the ambient noise is less than 55 dB.
Since the lengthenipg of reaction time is
primarily due to the exposure to noise,
changing of drivers among the ’travelers
within the car will not avoid this problem.
. ! 4 - M
Anothéf source of accidents fthat can be
caused by n01se, which is not in Ltself at a
$hysically damaging level, is the ‘“startle
reflex". The normal Hhuman reflex  at a
sudden loud noise is to cringe: The eyes
blink' and shift, the shoulders are drawn
together, the head is moved downward "and
away from the sound, the loﬁg muscles of the
arms and legs pull them toward the trunk,

* Probably thé startling noise of a blowout is

the major <ause of loss of control of a car
after a blowout has occurred. -
. )

v Lesson 3: If you are driving a‘car and
see a pedestrian about to cross the street,
vyou have to measure the possibility that by
blowing your horn yoy, will trigger off a
startle reflex in him and possibly in other
bystanders, and weigh it agalnst'the chance
that you might lack enough control to stop
before you hit him. Stdrtle reactions in
bigyclists are especially dangerous because
they can lgse direction as well as ‘balance.
If you are riding a bicycle, you
careful. to* remain in a lane clear of traffic

to pfotect yourself againstyq a - sudden
startle; for the same reason a- passing
motorist should allow a bicyclista wide

lane, - Yaven thotrgh ‘thes small size of the
vehicle does not requlré it.

~ .
¢

. .
.
. .
‘
Qo - '
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‘muffler from his car feels it
powerful", thus bigger &nd

) mégnitudqs involved,
. sound capable

should be

amounts of sound (ask any parent).
availagility of ,

A reflex known as ''nystagmus", a
sidewa¥d back and forth scanning of -the
eves, is triggered off by 'noise. For most
persons it is unlikely to occur until_sounds

reach quite a high, level, but for
susceptible persons it may become
troublesome at levels below those directly

injurious to hearing. Naturally, . this
reaction interfgres with’ v1sua1 acuity and
the judgment of distance. °
Since all

» 1S
Lesson 4: the protection we

' can suggest is 6n1y a palliative measure, it
is. clear that-~the best  procedyre for

protecfion from noise is tp cut off
noise at® the source.

excess
Unfortunately, to many
people, noise means power. ThRus, there is
some feeling that there may be a virtue in
noisiness. An adolesceqf who removes the
"sounds more
somewhat better
than before. This is no different from the
reaction of the parcHaser of a lawnmower or
vacyum cleaner, whg has a strong feeling
that the svund indicates reserve power.
Manufacturers of power tools® report that
efforts to quiet- the equipment do mnot pay;

people feel that the _equipment 1s somehow
less powerful . .
Perhaps becange the quieting of

equipment often removes high-frequency noise

preferentially, the impression is created
. that the action of the equipment is stifled
(as a hand held: over your mouth smothers

your, speech, letting the basic voice through,

but muffling the consonants). This 1is very
far from true. Internal-combustiop engines
with properly resonated mufflers qctually
fire better, make better use of fuel, and
run more steadily. Thus,= the tradition
among many crossrcuntry truckdrivers of
"cutting out" the bmuffler on-open roads is
actually countereffective.. g

To re-establish a feeling for the
just “remember that a
of damaging your hearing need

have ®a power flux of no more than one
thousandth,of a watt per square centimeter,
Thus the amount of power 1involved in

genérating noise is very small; a mechanism
usimg very 1little power can generate large
‘Noise is
thus no criterion for the
usable power.

el
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’ - BASIC PRINCIPLES OF NOISE REDUCTPON
If you have a noise problem and want to Let us examine the various’ n@isé s
solve it, you have to find eut somet%iﬁg control measures that <an be applied in each
about what the noise is dding, where it of these categories.
comes from, how it travels’, and what can be - . i .
done abo?t it A straigh?forward approach NOISE CONTROL AT THE SOURCE : L
is to exdmine the problem in terms of {its : ; ; &
lthree basic elementsi ‘1.e., sound ‘arises Select Quiet Equipment .
“from a source, travels over a path, and - A . R
atfects a reggiver, or listener. v Basicallyy the best way of controlling ° -
, ) . - ! noise’ at® %ts sdurce is to select quiet,
B ) . equipment_or appliances initiallyh. - When
+ SOURCE-PATH-RECEIVER .CONCEPT * shopping, 1look for equipment that carries a
‘ : low-noise certification or rating - pre-
-~ The source may be one Or any number of ferably backed with a copy of the certifying
mechanical . .devices radiating noise or- laboratory's test| report. Some appliances, !
vibratory energy, such as several appliantes and equipment |feature ' or advertise
or machinés dn operation at a given time in noise-contrpl desilgn or construction - looR
a home=er office. .3 for descriptive iterms  such as ‘sound
. . >, T . ' ,conditioned," "acoustically treated", "quiet
The most obvious transmission path by operation", and similar ‘phrases that _may be
which noise travels 1is .simply a direct used in advertising copy or in o er's
line-of-sight air path between the source , manuals. ~ However, you must be on guard
and the 1listener; for example, aircraft because such descriptive phrases as "whisper
flyover noise reaches an observer on the quiet" may be more poetical than absolute,
ground by the direct linelof-sight air path.  or perhaps an expression of hope rather than
Noise also travels along structural paths. — reallty.s A
Iph most cases it travels from one point to ‘ . . . . LT
another via any one or a combination' of | Unfortunately, the seléction of
seyeral “uch paths. Noise from a washing mechgnical equipment and appliances that
machine operating in one apartment may be feature noise ratings or, that specifically
transmitted to another apartment along air call attention to noise control design is
passages such as through open'windows’ extremgly limited. Thus, the buyer must
doorways, corridors or ductwork. Direct ~ resort to his own wit or know what‘to look’
‘physical contact of the washing machine with for in order to choose quiet equipment. The
the floor or walls sets thede building key words to remember in making purchasing
components 1into ~vibration. This vibratién decisions .,are ‘“'slower” and !'lower," —
is “transmitted structurally throughout the particularly as they apply to the operation
building causing walls in other areas to  of thg equipment. The speed of  moving
vibrate and to radiate noise. ' * parts, flow velocities, gas or fluid
’ ) pressure  differentials, and power ratings
5 "The receiver may be a single person, a all affect noise output, By 1looking for
clasdéroom of students, or a suburban equipment displaying "slower" and "lower"
community near an-airport or exqg,égway. ’ opératign chatacteristics you can be assured -
o , ¢ of relatively quieter operation. For
Solutiom of a given nolse problem might example} large slow-speed fans are,
require alteration or modification of ?ny or substantially quieter than small high-speed
all of these three basic elements: fans fotr a given air flow; low horsepower
. ' ‘ motors are less noisy than those with high
(1) modifying the source to reduce its horsepower ratings; likewise low-pressure,
.noise output, low~velocity air ventilatibn or fluid
' . . distribution systems’ are virtually noiseless
. (2)_ altering or controlling the compared ~  with their high-pressure
- trahsm3551oh path and the environment high-velocity counterparts.
* - to reduce the noise-level reaching the ,
listener, and + Whenever possible, . the buyer should
- . conduct a side-by-side comparison noise test |
(3) providing the receiver with gor varigus makes or typespf appliances or .,
_ personal protective eqripmeng- ) .equipment. This can best be done by deal{pg
“« 3 ” - e ’ - N
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with a supplier who carries a wide selection
of "~ appliances ofr equipment made by several

manufacturers and who is willing to
demonstrate their operation, in the show
room. |, This, of course, is possible when

shopping for small domestic appliancgs such
as vacuum cleaners, window air conditioners,

etc. ° However, large mechanical
installations, such as central heating or
> air conditioning systems can only be

properly evaluated in-place.
The .following summarizes the features
that "the buyer should look for and the steps
(D)
(2)

l'ow-no55e cer®fication,

advertisement® of "quiet"
operation, evidence . of
noise-control design,

emphasis on/'lower” and "slower"
' . opergting characteristics, °

" conduct * comparative side-by-side
_ noise tests in the dealer's
showro?m,; . .o
dh—, *
request an on-site imnspection &f
mechanical equipment of the type
You are considering, that the
dealer has previously installed,

(5)

¥4

+ he should take in selecting quiet equipment. ¢

for the purpose 6f making your own -

evaluation of the n?ise output.

-

BEQUIREMENTS FOR‘QUIET OPERATION

Most ‘“mechanical devices such as
automated appliances and machinery are
complex noise ’ generators that contain

numerous sources of noise. For example, the
overall noise radiated by a’ clothes washer,
may be generated by the drive motor, gear
train, pump, #ulleys, cams, bearings,
eléctrical switches, automatic valves, and
water flow. Reducing the noise output of
such a device usually requires a
considerable amount of study to identify the
major .sources of noise and their respective
transmission paths. In other words, it is
important to know whether it is the motor,
gear train or the pump that is the main
cause of noisev - and whether the noise is
radiated directly from the source into the
air as airborne noise, or whether it 1is
transmitted structurally as vibration to
other parts and surfaces of the machine
which; in turn, vibrate and radiate the
noise. ‘.

-

A thorough study of the cause of

+~ machine noise is impdrtant because-the sound

‘.

-

Q
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from major noise sources must be attenuated
beforé reduction of the noise from secogdary

sources, such as surface vibration, wfll
have any ‘significant effect. The need for
these investigations *increases with
increasing size and complexity of. the
machinery. «In short, the larger and more

complicated the
it is to quiet. -
Obviously, the most effective way of
manufacturing quiet equipment is to
incorporate goqd noise control techniques in
the basic design stggg¢. This is, of course,
a concern of _ the d%§ign engineer and
manufacturer. But if you, as a consumer,
are familiar with certain principles
governing "hoise - in equipment operation you

machine, the more difiigult

s -

can know what to‘look for when 'making a
purchase, or when attempting to control
noise from applianges and equipment.

Whethég one 1s concerrned about designing
quiet equipment or faced with the problem of
quieting: an existing noisy device the
following . recommendations -and ' corxrective
measures §hou1d be considered : agd applied
wherever possible. X

»

.
-

1. . REDUCE IMPACT OR IMPULSIVE FORCES

' -Many machines and items oF equipmént
are _ designed with .parts  that strike
forcefully against -other parts, producing

ngise. Often, this striking action, .Or
impact, , is essential® to the machine's
" function. A familiar example is the

typewriter - its keys must gtrike the ribbon
and paper 1in order to leave an inked
lettqr—impression. But the force of the key
also produces noise as the Iimpact falls on
the ribbon, paper apd platen. -
.Other common devices that‘ produce
impact noise include quick-acting cut-off
valves found in washing machifies and furnace
humidifiers. THe 1loud ' "thump" they often
make can be startling,
case of some’ furnace controlsy; they can
disturb sleep. .

Several steps can be taken to reduce
noise from impact forces. The particular
remedy to . be applied will be determined by
the nature of the machine in question.’ Not
all of the steps 1listed below are.practical
every machine and for # every
impact-produced noise.- But application of
even one .suggested measure can often reduce
the noise appreciably. s knowledge of the
principles underlying impact-noise reduction
can also assist you in purchasing quieter
equipment. co

o

annoying, or in the.
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“ Fig. 3-1. METHODS OF REDUCING IMPAG FORCES TO LOWER NOISE*R{\DIATION ‘
” . - e o
< » ‘ . . . s
to- a) Reduce weight, size or heighg' of .« a short period to achieve the 'same ,
¢ fall of impacting mass. ' ) i result. ' . ‘
b) Cushion the 1mpact by inserting a £) Smooth - out acceleration pf.moving
’ "layer of shocK-abSorbing material parts;~ apply. accelerating. forces
between the impacting surfates. ‘graduallx. Avoid high peak »
‘. (For example, 1insert several acceleration or jerky motion.
" Sheets of paper in the typewriter ° B . -
. behind the top sheer fo ‘aésorb £) Minimize overshoot,, batklash,
: some of the noise-producing impact C loose play in cams, followers, .
) .* of the keys hitting against  the gears, linkages, etc. This cancbe -
¢ pldten.) In some situations, you achieved by reducing the » -~
. may , insert a layer of . operational speed of qbe machine, °
\, shock~absorbing material -~behind ‘ better adjyStment,’ of by using
N . “  each of the impacting heads or < spring—loaded restrafnts or
s objects to r¥duce ‘transmission of - uides. Machines that 4&re well
. impact energy to other parts of made, with part3 machined to close
the machine. T . ) i tolerances generally produce “a
minimtm of such iMpact noise,
c) VWhenever practical, one of the p " o
impact heads or surfaces should be - 2. REDUCE SPEED,IN MACHINES, AND FLOW
made of non-metallic material to ~VELOCITIES AND PRESSURES IN FLUID SYSTEMS
. S reduce "resonance or ringing" of ~ /7
4 the heads. Figure 3-1 shows the . ) Reducing the speed "of rotating and_ -,
., application of measures a, ‘b, and moving parts in machines and mechanical
c. systems results in smoother operation and
o . lower. noise odtput. " .
d) Substitute the application of a & ‘
small impact force "~dver a long ‘ Likewiseg reducing pressure and flow
R , time period for a large force over . velocities in  air, gas and Iiquid
x
Q - . L 16 . 1. .
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circulation
resulting ih decreased noise radiatién:

(a)

(b)
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For quiet
impellers,

sYs tems

blowers, etc.,

Use large-diameter low-spéed fans
small-diameter

rather

Squirrel Cagesor
%_Centrifugal Fans

L4
¢

than

y

lessens

operation,
rotors,

fans,
turbines,
should be operated
"at the lowest bladetip speeds that
will still meet job needs.

turbulened’

19

(c)

Fig. 3-2. FOR A GIVEN MASS FLOW, SO.U.IBRE'L' CAGE'FANS GENERALLY ARE LESS NOISY
THAN PROPELLER TYPE FANS

-

high-speed units for quiet _

operation. In short, maximize
diameter and minimize tip speed.

. . . o
Centrifﬁgal squirrel-cage type
fans, sometimes used in furnaces
or on exhaust ducts, -dre less
noisy than vane axial or propelder
type fans, all othef factors being
equal. Theytwo types of fans are
illustrated in Fig. 3-2.

L] - i

Propeller or
. Vaneaxial Fans :

~

»




" sliding or
systems
operation and lower machine,
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(d) Water pressure in individual home,

office, or , apartment plumbing
systems, should be limited to, 35
pounds per ,square inch (241
kilopascals) and flow velocities

of the order of 6 ft/sec (2 m/sec)
for quiet opetation. A competent
plumber can perform these
adjustments.

PS

ventilation

‘(e) In air systems, a
50-percent reduction in air flow
the noise

veloeity ,may lower
output by /10’to 20 dB, or roughly
to 1/2 to 1/4 of the original
loudness. Alr flow' velocities of
»8-19hft/sec (3 m/sec) as measured
at a supply or return grille
produce a low level of noise which
usually «is unnoticeable in most
———%asidential or office areas. 1In_a
given system, reduction of air
flow velocity can be achieved by
operating at lower motor or blower
speeds, installing ~a ‘greater
number of ventilating grilles, or
by increasing the cross-sectional
area of the existing grilles.
Your heating and air-conditioning
contractor can make these
adjustments and modifications.

’

d ~ > L]
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3. BALANCE ROTATING PARTS

One of the main sources of machipery
noise is structural vibration caused by the
rotation of poorly balanced parts such- as
fans, f£ly wheels, pulleys, cams, shatts,
etc. Measures used to correct this con-
dition ipvolve -« the additiof of counter

+weights to the rotating unit or the regfval
of some weight from the unit as indieated in
Fig. 3-3. You are probably most familiar
with noise caused by imbalance in the
high-speed spin éycle of washing machines.
The imbalance results from clothes not being

distributed evenly in the tub. By .
redistributing the, clothes, balance 1is
achjieved "and the noise ceases. This same
principle - balance - can be- applied to

furnace fans and other common sources of
»  ‘such noise. On some furnace blowers driven
by a single.belt, an unbalanced load may be

applied if the blower pulley can move out of
direct alignment with :the motor pulley;
if the load is applied symmetrically through
a pair of belts driving pulleys 'on either
‘side of the fan-and the motor

shafts will tend to stay centered and the
pulleys aligned, resulting in less noisy
operation and reduced wear. L

. Vi b . ,
I —__-_/ 1 ratlon \ )

— — —_—-1__

. shafts, bothﬁr

~

EL Rotor — I l — — i ‘Rotor —

—— —— e B = '
== : N
T - === SS==c
— S —— \\

~
L N Ll
7 .
(a} Static Unb'aiance r . (b) Dynamic Unbalance *

‘

& Black blocks are heavy parts of rotor that cause vibration. White blocks are locations where
counterwelghts must be placed to efiminate the vibration.

N

’

Fig. 3-3. EFFECTS OF STATIC AND DYNAMIC UNBALANCE ON ROTOR OPERATIOI;\I

.

4. REDUCE FRICTIONAL RESISTANCE -

Reducing ‘ friction between rotating,
moving parts in mechanical
results in smoother
noise output.

. [

frequently

N . -
Similarly, reducing flow resistance in air,
gas and liquid distribution.systems results
in less noise radiation. In most _cases,
applying any one or a combination of the
following corrective measures should provide
a noticeable é)eduction in noise output.
20 .




Reducing Resistance In Mechanical Systems
(See Figs 3~4)

¢ L4

‘all

Lubricate: rotating, moving,
sliding, meshing or contacting parts
should be 1lubricated with’ apgropriate

v lubricant for quiet operation. {

Align: Proper alignmené of all
rotating, moving or contacting parts
. results in less noise output. Maintain

good axial and directional alignment in
pulley systems, gear trains, shaft cou-

pling, power ' transmission systems,
‘. bearing and axle alignment, etc.

Polish: Highly polished and smooth

surfaces between sliding, meshing or

contacting parts are réquired for quiet
operation, particularly where: bearings,

gears, cams, rails, and guides, are
? concerned.
Balance: Static and dynamic balancing

of rotating parts reduces frictional
,» resistance and vibration; resulting in
lower noise output.

Avoid eccentricity or out-of-roundness:
Eccentricity or off-centering of
rotating parts such as pulleys, gears,
rotors, shaft/ bearing alignment causes
vibration and noise. Likewise,
out-of-roundness of wheels, rollérs,
and gears causes uneven wear, resulting
in flat spots which generate vibration
and noise.

Reducing Resistance In Air or Fluid Flow

Systems (Bee Fig. 3-5) - . ..
4
. The key advice to effective noise
NOISY DESIGN

Ragged Joints

'\'\ TNTA™ 5“\
i P Ny - \ N \-
Smal \’ Fast Turbulent Flow .
Diam. "
/—'
v

Rough Surfaces

. r
£ \\

Fig. 3-5a ‘DESIGN OF QUIET FLOW SYSTEMS

Q
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Lubricate at points A,

Algn between points ‘A’-'A’,
Polish surfaces at Points 8
Counterbalance at points C.

“  Fig 34. REDUCING FRICTION OF ROTATING AND SLIDING
PARTS TO DECREASE NOISE RADIATION
control in such systems is
"streamline the flow'". This holds*® true
regardless of whether one is concerned with
air flow in ducts or vacuum cleaners, or
water flow in plumbing systems. Streamline
flow is simply ,smooth, nonturbulent,
low-friction flow, but it 'is the essential

requirement for quiét operation of ‘any type
of fluid flow system.
. »
The two most important factors which
determine whether flow will be strzeamline or
turbulent are flow velocity and th('z
crogss-sectional area of the flow path - that

'S

- is, the pipe diameter. The rule of thumb
for quiet operation 1is to wuse a low-—

velocity, largebdiameter pipe system td meet

a specified flow capacity requirement.
However, even such a system can
inadvertently generate _noise #f certain:

are overlooked
A system designed for quiet

aerodynamic design features
or ignored.

»

|4 QUIET DESIGN

~ Smooth Joints
ARAARRRMANRAMNNNNNNNNNNNNGCLS L SIS SIS S AN AR SRR A RIS

—
- 2 \
0

——+———— Siow Streamliné Flow ——e——

Large — o
Diam.

“~ Smooth Surfaces .
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NOISY DESIGN

r\';ji —*.*\ ~ “\

\ ‘ f Sharp Transition

\\'/\ OYA s =

7 L R

Complicated Layout

Fig. 3.-6b. DESIGN OF QUIET FLOW SYSTEMS

L d
- operation' will employ the following - . pipe system with a mihimum of branches,
fegtures: .. R ) . turns, fittings and « connectors is
- C. substantially less noisy . than a
. Low flow velocities: Low flow ~ complicated layout.- Y
velocities avoid turbulence, ong of the * ‘.
main causes of noise. Flow velocities Long-radius turns: Changes in ~ flow
should be of the order of 8 to 10 feet direction' should be made gradually and °
per second (3 m/sec) in domestic. smoothly. It has been suggested that
forced-air heating and ventilation ! turns should be made with a curve
systems and plumbing systems for quiet radius "equal to about five times the .
operation. . R ¢ pipe diameter or major cross sectional
¢ dimemrsion of the duct. -
Smooth boundary surfaces: Duct or pipe
. systems with smooth interior walls, - Flared sections: Flaring of intake and
v edges, and joints generate less - exhaust openings, particularly .in .a
' turbulence and noise than systems with = duct system, tends to reduce ' flow
rough or jagged walls or joints. . } velocities at these "lq ons, often
. ) with substantial reductiens in noise
Simple layout: A well-designed duct or ° output.
. , » v
' NOISY DESIGN - QUIET DESIGN

Calming Chamber

i € . . ‘ Flexibte
. . :’) { : i Sleeve
- I- Short Duct =y { . .

Round

A
O l Puivhe | | NSNS j% / Corner
P A *
J - Square Corner . " High Speed ot
1} - Blower . . .
’ ® : . ¢
- " Turbulent Flow, i " . Smooth Flow
H N . .
+ - . - * /\/\/.{
: , R |
I Fig. 3-6c. DESIGN OF QUIET FLOW SYSTEMS "
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NOISY DESIGN
— % - ~—
..._._‘\..\—-—“" } - 2
AN S
- — R
Turbulence Cayused by Rectangular Devices L

L4

*

‘QUIET DESIGN

) / Flare End
vb‘_/,-/ '
2"- /____(—__'

—_—— e .\ .
— \,_/ —_—
B i \ e\

Remove or Streamline Objects in Flow Path

- '@.

Fig. 3-6d. DESIGN OF QUIET FLOW SYSTEMS

Streamline transition in flow path:
Changes in flow path dimensions or
« cross-sectiopnal areas should be made
gradually-ang\ smoothly with tapered or
flared transition sections to avoid
turbulence. A good rule of thumb is to
keept'the cross-sectional area of the
flow path as large and as uniform as
. possible throughout the system.

Remove unnecessary obstacles: The
greater the number of obstacles in the
flow path, the more tortuous,
turbulent, and ‘hence the noisier the
“flow. All  other required and
functional devices in the path such as
structural supports, deflectors, andp
control dampers,. should be made &s
small and as streamlined ws possible to
smooth out the flow patterns.

In other cases, parts with perforatiﬁns,
slots or other openings permit air leakag

through or around the part gs it moves, thus
eliminating air pressure buildup, the chjef
cause of flexing and pulsation. Such action
wheft there is ng air leakage gives a popping
sound - as the noise produced when squirting
0il from an oil can. .

-

5. TISOLATE VIBRATING ELEMENTS *WITHIN

“THE MACHINE - :

- In all but the simplest machines, the
vibrational energy from a specific moving
part 1is transmitted through the machine
structure forcing other component parts and
surfaces to vibrate and radiate
often with greater intensity than that
generated by the originating source itself.

Q

RIC

’

sound =

U

For example, a water pump fastened to a side
panel of a washing machine, as illustrated
in Fig.” 3-6, will cause the panel to vibrate

and pr&duce greater noise ottput.
14 t

P

The * vibration generated by moving or

rotating parts of a machiné should be
confined as close as possible to the area
containing the source of vibration. In

short, the vibrating unit must be isolated
as muclt as possible from the structural

frame or machine -housing. The most
effective . method of vibratioh isolation
involves the resilient mounting of the

vibrating component. on the most massive and

structurally rigid part of the mdchine. All

attachments or connections to the vibrating
part in the form of pipes, conduits, shaft
couplers, etc., must be made with flexible
or resilient connectors or couplers -
otherwise the vibrational isolation afforded
by the resilient mounts will be bypassed or
shortcircuited. For , examplef pipe
connections to a pump resiliently mounted on
the structural frame of a maehine should be

N

made of resilient tubing, preferably as
.clese to the pump as possible. Resilient
pipe supportg -or hangers. may also be

required to avoid bypassing of the isolated

system. 1In addition to these measures it is
often good practice .in .the g¢ase of large
machines or appliances such as washing
machines, dryers, refrigerators or air
conditioning, equipment to set the entire
machine on resilient mounts to prevent
vibrational excitation of the supporting
floor, and thus avoid radiation of noise
- into the area below or adjacent. &reas.

These measures are illustrated <in Fig. 3-7:

~
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Radiating -
Surface

Direct
Contact
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Separate’

]
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, Resilient
#ﬁ;[ Mount
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™~ Cabinet

Machine
L~ Chassis

Ny 77

2

1. InstaII motors, pumps fans, etc n most massive part of the machine.

2. Install such components on resilient mounts or vibration isolators.
Use belt drive or-roller drive systems in place of gear trains.

4’1 Use flexible hoses and wiring instead of rigid piping and stiff wiring.

5. Apply vibration damping materials to surfaces undergoing most vibratiof.

6. Install acoustical lining te reduce noise buildup inside machine.

~ 7. Minimize mechanical contact between the cabinet and the machine chassis.
8. Seal openings at the base and other parts of the cabinet to prevent noise Ieakage
1Y

-

Fig. 3-7. TECHNIQUESTOREDUCETHEGENERATIONOFA!RBORNEAND
STRUCTURE-BORNE NOlSE IN MACHlNES AND. APPLlANCES .

bl
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Large Vibrating - -
" Surfaces -

Reduce Size of Part or
Cut Out Excess Material T

\\\.} r--‘ QO%

S 6

OR

-

Fig. 3-8. REDUCE THE AREA OF VIBRATING SURFACES TO LOWER NOISE .RAD‘IATION

3

\
]

4

9 .
6. REDUCE RADIATING AREA (See Fig,
3-8) R .
Generally speaking, the larger the
vibr2ting part or surface, the greater the
noise output. The rule of thumi for quiet
machine design is to minimize the effective
radiating surface areas of the parts without
impairing their operation or structural
. strenggh. This can be done by making parts
smaller, femoving excess material, or by
cutting openings, slots or perforations
the » parts. For example, replacing a large,
vibrating sheet metal safety. guard on a
machine with a guard made of wire mesh or
metal wébbing)might result in a substantial
"reduction in noise, because of the drastic
reduction in surface area of the patt. '

id® |

»

r
N v

7. APPLY IBRATION DAMPING MATERIALS

(See Fig. 3-9)

Since a vibrating -body or surface
radiates noise, the application of any
material which reduces or restrains the
vibtrational motion of that body will
decrease its noise output. Generally
speaking, when such materials are applied to
a vibrating body they dissipate the
vibrational energy in the form of frictional
heat which is generated by the Ilexing,
bending and rubbing of the fibers or
particles of the damping material. For
example, these materials could be applied to
surfaces of washing machines, dryers,
refrigeracors, room air conditioners, etc,
to help control noise due to vibration. Of




-

icourse, you wdyld probably apply the
materials to the inkide surface to preserve
the appearance of "-the appliance. Three

basic typesN\Qf vibration- damping materials
are available’ L

(a) 1liquid mastics which are applied
with a spray gun and harden into
telatively solid materials, the
most common _being automobile
."undercoating"; -

rubber, felt, plastic
leaded vinyls, adhesive
.tapes or fibrous biankets which
are glued, to the vibrating
surfdce; -

(c) Jﬁhget‘metal viscaelastic laminates,
or composites which are bonded to
thé¢ vibrating surface. ’

(b) pads of
foam,

» e
o

-

7

The type of ‘material best suited for a
particular vibration problem depends on a
number of facters such as size, mass,
vibrational frequency and operational
function the vibrating structure.

SINGLE LAYER

of

~

7

-

Apply ‘damping material first to Composite
surface with strongest vibration. In Layer
most cases this will be "thinnest
surface. o~

. T ,
Q '
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efficiency:

Fig. 3-9. REDUCING VIBRATION WITH DAMPING MATERIA

However the
observed in
materials

following guidelines should be
the selection and use of such
to maximize Vibration damping

—

Damping materials shoyld be
applied to those secfions of__ a
vibrating “ surface where the most

. flexing, bending or_motion occurs.
These wusually are the thinnest

sections. -

@

For a single layer of damping
material, the stiffness and mass .
of the material should be .,
comparable to that of the
vibrating surface to which it is
gpplied. This means that single
layer damping materigls should be
about two or three times as thick

ag the vibrating surfage to which
they are applied.

Sandwich ~materials made
metal sheets bonded
("sheet-metal

composites') are

(c)

up of

tq mastic
viscoelastic
much more

L]

-

Vibrating Surface

'
..

Mastic coating should be 2 to 3
times as thick as the vibgating

surface for maximum effectiveness.
¥

J

Vibratipg Sur“f:%tzg

Mastic Layer‘

—

Constraining Layer

For efféctive vibration damping,
each layer should be about 1/3 as
thick as the vibrating surface.

Ky

¢
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Input Opening C \ Cover Plates
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=3 Segls .
Output @pening : 4 ‘
. . Gasket -
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Open Vent : Vent .
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. ol Material
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S Cover Skirt
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Fig. 3-10. TECHNIQUES FOR REDUCING THE B%DIATION OF NOISE FROM OPENINGS IN A MACHINE

* * ’
f ' .~ e ¥
effective vibration dampers than . ) or .cabinet shouig be : sealed
D single layer materials; the . with rubber gaskets or a
’ thicknesses of - the sheet metal L0 suitable non—setting caulk,
[ . .constraining layer and the . : Ve
i viscoelastic layer should each be ‘(11%) If practical , all other
_ about one-third the thickness of « functional or required
the vibrating surface or panel of ) openings or \ports whicﬁJ
the appldance Co which they are . + radiate noise hould be
, applied. ‘ s o covered with,l1ids or shields
, ¢ edged with sof¢ rubber R
8.  REDUCE NOISE LEAKAGE FROM THE . gaskets to effbct an airt#ght
INTERIOR OF THE APPLIANCE o gk seal.; For.example, the 1id
. . . ’ . of a top-loading washing
(See Fig. 3-10) . « . machine may be fitted with
. o, rubber gasket or with rubber
- In many cases machine cabinets can  be . strips to prévent. the escape
-made_ into rather effective soundproof o o6f the noise from the
enclosures through ‘simple design changes, -\ toe agitator. ‘ .
and the application of some sound absorbing - . ) :
treatment. Substantial reductions in no}ée - ) _(iv) Other openings requireda for )

output mgy be achieved by adopting some of
the following recommendations; especially if

exhaust,. cooling or ventila- *
tion purposes should be

some of the vibration isblation , techniques JR equipped with mufflers or
" discussed earliey are also used. ) acousgically lined ducts.
Ny [ - .
(a) Seal or cover all openings ) . (V) ke]ocate or direct openings’
’ . P
. . . ’ . ' away from “the toperator and
R (1) All  unnecessary holes . o.r‘ other people. N
~cracks, particularly at T . .
j 1ked - o *
. iii:;;’o;}fwuld be caulked or (b) Apply acoustical materials . .
) ’ 2(1) Install sound absorbent
(11) All electrical or plumbing lining on innex surfaces ~of
. penetrations _of the housing : cabinets to reduce ndise
. . . ' oo et
N N N * . LN
' . . .28 . . \
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> w g. CHOOSE QUIETER MACHINERY~—- WﬂEN
REPLACING APPLIANCES '

. - This advige 1is, of course, of 1little
comfort 1if you find yourself the owrer of a
new, noisy appliance. In due time, though,
it will need to be replaced, and this is an
opportunity for chopsing ap fectively
QUIETED device. However, some mindr changes
in accessories can reduce noise problems:

’

, (a) Replace plastic blender containers
‘ with containers .made = of heavy
) ‘glads. Often both alternatives
are available; glass i@FtS very

,- little more.

Substitute rubber or plastic trash

cans for noisy metal cans. Some

laminate® metal trash cans have

. been made
new concern with quiet may make
them desirable for ordinary
domestic use’

or fiberboard cabinets

Use wood
instead Q{, the noisier metal

units.

Select sliding or folding closet
doors made of wood for 1laminate
instead of metal doors which are

()
(d)

moved. - v

(e) High velocity air flowing over the
v . corrugated surfaces inside a hgse
often generates a whistling noibé.
Replacing t
vacuum cleaner with a
. surfaced hose will reduce
- - : noise.

‘ " (£) Replace" small high-speed floor
fans or exhaust fans with larger,

slower-movi unitsae

Substitfte a belt-driven furngce

(8)
- blower operated by a
p a

resiliently-mounteg motor, for
motor-coupled blower,

ERIC '

Aruitoxt provided by Eic:

apt., to rattle or vibrate when,
v

- * . 3 . Ty .
- buildup in the reverberant
- cavities., (We will discuss
v reverberation . further _ in
— ¢ ‘ Section 3 under Factors,
-, Affecting the, Travel of
"7 Sound) - .
‘ (11i) Apply = .vibration damping
& material to the inner
surfdces ©f all’ vibrating
d panels. ~

for industrial use; the .

]

corrugated hoge of a °
smooth.
this’

v
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NGISE CONTROL IN THE TRANSMISSION PATH

After you have tried all possible ways

of co ing the noise at the source, your
next f defense 1s to set up barriers

or othe? devices in the transmission path to
block or reduce the flow of sound, energy
before it reaches your ears. This can be
done in several ways: 3 .

you can absorb the. sound’ along the
path, v .

you can deflect the sound in some other
direction away from you by placing a
reflecting barrier in its path, and

- a
you can contain the sound by placing
the sourde inside a sound- insuldting
box 'or enclosure.

o Selection of the mest effébtive'
technique will depend upon various factors
such as the gize and type of source,

intensity and frequency range of the noise,
and the nature and type of environmment. Ig
addition one =should have a basic under-
standing of the characteristics ‘and behavior
of sound that influence 1its prop?ggtion or

travel through the air.
-

As we mentioned before, a sound wave
traveling through the air creates a
succession of compressions --. high-pressure
waves s~ followed by rarefactions, or

low-pressure 'waves, These waves move a&ay
from the source 1in an alterhating manner
much like the spreading of ripples in a pond
into which a pebble t&%as dropped, as
illustraﬁgﬂ in Fig. 3-11% The 'distance
between adj8ceit peaks of the high presture .
waves is the wavelength of theé sound. The -
frequency of the sound "f" and it dpeed of
travel "c¢" determine L the wavelength.
These three quantjties are related by _the
equation ¢ = fL, ce the speed of sound
in air 1is relatively constant for all
frequencies, the wavelength decreases as
frequency increases. Sound travels at a

.speed of about 1130 feet (345 m) per second.

Therefore, the wavelength for a 100 Hz "tone
would be approximately 11 feet (3.45 m)
whereas for a 1000 Hz tone it would be about

1.1 feet (34.5 cm). As we shall see, both
frequgncy and wavelength ' affect ' the
propagation of sound in air and the manner

in which it interacts with the environment.

FAGTORS AFFECTING TRAVEL OF SOUND

-~ -

1. Absorption: Soaking Up Sound

We know from experience that air.W

y
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Wavelength

4
Wavelength

< -
High Pressure

by. The high-pip&ped cdomponents of a
thunderclap are absorbed by the air before
they reach a distant listener.

Air absorbs high-pitched sounds sore
effectively than 1low. However, 1f the
distance between a source and a listener is
great enough, low-pitched sounds also will
be absorbed appreciably by the* air. For
example, we might not hear any sound-at all
from a jet plane flying at an altitude so
great that only its vapour trail is visible.

s

furnishings. .Because of their soft porous

Aruitoxt provided by Eic:

d With the exception of  very large
auditoriums, convention halls, or sport
"arends, the absorption of sound by air
within typical buildings or, ,rooms 1is
negligible. However, jin most buildings and
rooms a significant degree ©f sound
absorption can Be achieved through proper,
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Fig. 3-11. PROPERTIES OF SOUND WAV’ _ ‘ »
Y ' .
absorbs  sound, especiglly h%gh—pitched " qualities, such materials 4s draperies and
sounds. That 1is why we hear “only the carpeting are excellent sound absorbers.
low-pitched roar of exhaust noise from a Upholstered furniture and bed furnishings
high-flying jet plane and not the” shrill also have good sound “%@bsarbing
high-pitched turbine noise we normallyshear dharacteristics. However, the installation
at the airport when the plane takes off. of acoustical tile on ceilings in rooms,
The low~pitched r of distant thunder corridors and staircases is a practical
sounds almost harmle§s compared’ to the sharp method of controlling noise along its path
terrifying crack'of thdnder when heard close of travel. * Depending on the type of

installation, and the f}equency distxibution -

of the noige, acoustical ceilingg can absorb
from 50 to 80% of the sound energy that
strikes the surfaces. A soft..thick carpet
with felt padding K placed on the floor will
absorb about 50 to 60%4 of airborne sound
energy striking it. In addition, it will
muffle impact and footstep noise very
effectively. Pléated drapery wil]l absorb
ebout as much sound energy as carpet for the
same amount of surface coverage. With these
materials on ceilings, floors and walls,
much of .the sound energy is absorbed along

the path before it can cause annoyance in
other areas. S N
, '
*hen sound waves strike such

materials, they penetrate into the pores and
air pockets - of the material. There they
bounce around haphazardly causing air in the
potes and the fibers of the material to

5 2



.thicker

‘of absorbers

s . .

vibrate; this motion dissiygtes the sound
energy ‘in the form of heat because of
frictional resistance between air molecules
and fibers. - . . - .
Drapery and carpéting - absorb
high-frequerncy sounds much more effectively
than low. .  Because of their long
wavelengths, low-frequencys sound waves
require materials thqt are many* times
and have much larger pores and
pockets. than- those -used for absorbing
high~pitched. sounds. . For efficient
absorpti&n of low frequency sounds, the
thickness, 'openings and pores Jf the
acoustical material should bear® the same
proportion to. the wavelengths of _these
sounds as the thickness; openings and pores
for high-frequency sounds bear

to their respective wavelengths.
Unfortunately, materials for absorbing
low-frequency . sounds ' are Somewhat
impractical in a  house because of their

large size and bulkiness.

Although sound waves generally ' keep qn
toaveling in the direction. in which they
originally; started, .high-frequency souynds
terdld to follow narrower and more beam-1ike
paths than do low-frequency sounds. We have
noticed how highly directional the sound of
a. "hiss" or "psst™, or a whistling: ftea
kettle 1s compared, for example, with the
rumbling sound of a washing “machine.
Low-frequency sounds +&end to spread out
uniformly in all dirkctions frdm the noise
sourcé because of their long waieleigths.

+
[ 4

o -

air

" The assumption that sound travels in
gtraight lines™% valid only for wdvelengths

that are short compared to thé dimensions of o

Sound
they

open spaces, Trooms oOr passage ways.
waves travel in straight- lines until
encounter  some obstacle in “their path. If
the obstacle 1is small compared to the
wavelength of the sound, the wayve front will

‘gindly be'disrupted.

. 2. Sound Reflection: -Bouncing of
Sgund o .
N~ - ,

When a sound wave strikes a so0lid flat
surface that is large compared to the

wavelength of sound, the wave 1is reflected
similar "to the way a sunbeam 1s reflected
.fram a window pane. As sound waves strike a
flat surface, they rebound at an angle equal
to the one at which they originally struck
the “surface, as Shown in Fig. 3-12. .

v

A listener exposed to<both the direct
waves and reflected whves from a distant

. sound source %ill percejye the direct wave
to be much}louder than the reflected wave.

At one time or another,
noticed that an echo of a-
or a yell in a large hall-
to be much 1less intense
sound. This reduction in 1loudness of the
reflected wave or echo is due-to‘the longer
distance it has traveled, —@nd also 'to the
loss of - energy due 'to absorption by
reflecting §ux£d€es and perhaps the gir.

you might -have
person's handelap
or canyon seemed
than the original

1]
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Fig 3-12. PROPAGATION OF DIRECT AND RE>ECTED SOUND WAVES IN A RO$M’
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. that is “louder
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. method of dealing with
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reflefting
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_4§2(,_Reve}beration: Multiple
Reflectioii*of Sound
However, 1in: a reverberant space of

small dimensions, the reflected and direct
sound waves tend §o merge to produce sa scund
‘than the direct sound alone.
If successive reflections follow one another
within a time interval of less than 35
1llisecond§a the wordinary person perceives
is

no echo, corresponds to a spacing .
between successivé reflections of less than
about 35 feet (10 m). This type of sound

reflection frequently is not only desirable
but can be put to practical use. Whén
properly used it will gnhance the sound of
music, or, as in the case of a band shell,
it will reinforce the music reaching
audience.

You, perhaps, have taken advantage of
this phenomenon, if you have mounted Yyour
stereo loudspeakers on a wall or in the
corners of a room to get greater sound
1ptensity for the same setting of the vdlume
control .

AN 3

Have you ever_ noticed upon entering a
bare, unfurnished room how . much louder your
voice appears to be? The merging ‘of the
reflected waves builds up the sound level.
This effect, which 1is called reverberation’,
is moste‘prominenc in rooms with hard
surfaces such as a. typical
bathroom with its ceramic tile and plaster
surfaces. '

This phenomenon, more so than any
other, gave birth to the so-called .BATHROOM
BARITONE. - Rooms 1like the bathroom, which
are highly. reverberant, would he described
as being acoustically 1live. Many basement
areas and recreation rooms. *would fall in
this category. Baedrooms and 1iving rooms,
on the other hand, would be considered as
acoustically dead because of the
amounts of sound absorbent materials
normally found in ‘these rooms. Obviously,
the - Bathroom Baritone rarely performs
such rooms: because his powerful wvoice
suddenly would, sqound weak or dead, just like
the environment.

Highly
excessively noisy. "

reverberant arooms tend to be
The mostx effective
this problem. is to
4nstall a large amount of sound’ absorbént
treatment in the form of carpeting, drgpery,
upholstered furniture or an-..acoustical
ceiling. As a rule of thumb, if the sound
of ,a person's handclap or a shoutin a
particular room takes longer, than a second
or -two *to die away, the room 1s .too

3 - ~

)
3
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the )

* For

_ein size

,into

large &,

in °

;aimportant it is to caulk

L ~ .

L ) 4 .
reverb®rant, ‘and requires acpustic
{reatment. ~ .

. rs

Tae c “
Although - excessive reverBeration of
sounds in most instances 1is a problem

associated with the interior of buildings Qr
rooms, it can- occur  as well out of doors,
The most ccmmoh example 1¢ the reverberant
echoing,and rumble of thunder im mduntainous
areas. The high fioise levels caused by the
reverberation of traffic noise  between tall
buildings in major cities 1stamiliar to all
.of us: The court areas of U ghaped apart-
ment buildings tend to be excessively

- reverberant and noisy, particularly if they

are used'as recreation areas or if they face
traffic arteriés. Very little can be done
to remedy problems of natural origin;
however, . fman-made problems ,can be avoided
through preper planning in the design stage.
example, a
not front on g traffic artery.. | L

or Squeezing
< .

encounters

4. Diffraction: iBending

of Sound
When a

sound wave, an

U shaped court yard should.

obstacle or apn opening which is comparable .

to its wavelength,
bend around the obstacle or squeeze through
the opening with -little loss of energy, as
shown in Figs. 3-13a, 3-13b. This action is
.known as, diffraction. Diffractiop occurs
when- sound waves strlke the edge of a solid
barrier. This edge acts as a focal _line
from which a new -train of waves™ |is
generated. These new wavyes wh{ch spread out
the area behind the barrier are of the
same frequency a&s the original waves buc
"lower it intensity. This explaind why we
caa hear traffic noise from a busy highway
even though it is hidden from ~view Wby 2
large building or a hill.

With regard to , sound passing through
small openings, You may have noticed Hhow
readily sound passes.through a door that is
slightly ajar. With the. conventional
practice of installing doors with a 1/2 to,
3/4 inch (13-19 mm) air space at the bottom
to providée for, the circulation of return
air, is not surprising -that we get no
gfprivacy: even .when the door is closed. The

amount of sound energy .that passes through a.

'small hole or hairline crack in a wall is
far ter than one would predict based on
the size of the crack. "This points out how
or seal-all cracks
or openings in walls, doors, etc., which
separate areas where privacy is desired. .,

Inside buildings, the combined effe&‘s
of diffraction and reflection permit sdund

oy N

the sound will '

.?4



Q

Wave Front

New Waves Spread Out
Spherically and Fill Space

P

New Waves Are of Same
Frequency But Lawer Intensity
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+

Wave Front

2

\

New Waves Spréad
Out Spherically

New Waves Merge With Original
Wave Frontand Set Up *
Interference Patterns

s
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Fig. 3-13b. DIFFRACTION OF A SOUND WAVE AT THE EDGE OF A WALL

e
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B

to traQeI along winding corridors, up
_staircases and through duct systems with
. surprising ease. . '

"QUIETING" IN'THE PATH

1..° Separate the Noise Source and

. Receiver As Much’As Possiblew

Iﬁ open spaces, sound coming from a
point source, which is defined. as one that
radiates sound uniformly in all directions,
-tends to spread out in a wave front that “is
spherical in shape. The power at any point
away rom the source drops in proportion as

ERI
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A
the surface area pf a sphere centered at the
source increases. “For each doubling of
distance from the source, the surfade area
increases fourfold. Consequently, for each

doubling of the disfance, the power drops to

. one-fourth or the powér lewvel drops by 6 dB.

Any source. that is locatéd ath a
distance that ‘is large compared to the size
of the source acts to the pbserver like, a
point source along a direct line between him
and the. sburce, even though the sourge
itself may be relatively 1large_ and. may
radiate more sound in some directions than
in others. Thus, a power mower located at a

- ! -
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. 3-14b 1llustrate how

)

-

distance of 100 feet (30 m) and a * large
noisy factory located at a distance of 1/4
mile (0.4 km) from the listener could both
be considered as point sources so far as the
listener is concerned. |
, -~

Increasing your distance from a source
of ‘noise is a practical means of noise
abatement, 1f you can manage it. 'If you can
quadruple your distance from a point source
you will have succeeded in lowering its
loudness by at 1least one-half or roughly 12
dB. However, if you have to contend with an
extended or a line source such as a railroad
train, the noise level drdps by only 3 dB
for each doubling of distance from the
source, The main reason for this lower rate
of attenuation is that line sources radiate
sound waves that are cylindrical in shape.
The surface area of such waves only
increases twofold for each doubling of
distance from the source. However, when the
distance from the train becomes comparable
to its length, the noise level will begin to
drop at the rate of 6 dB for each subsequent
doubling of distance Figures 3-l4a and
the

as distance increases from both types of
noise sources.
»
Indoors, the noise level generally

drops only from 3 to 5 dB for
of distance in the near

each, doubling

vicinity of the

noise levels drop.

source. However, further from the source,

.reductions of only 1 or 2 dB occur for-each

doubling of distance‘ due to the reflections
of sound off hard,wall and ceiling surfaces.

2, Use Sound Absorbing Materials

Sound absorbing materials such as
acoustic tile, carpets, and drapes placed -on
ceiling, floor or wall surfaces -can reduce
the noise level in most rooms by about 5 to
10 dB for high-pitched sounds, but only by 2
or 3 dB ' for low-pigched sounds.
Unfortunately, such treatment provides no
protection to an operator of a noilsy machine
who 1is in theé midst of, the direct noisé
field’ For greatest effectiveness, sound
absorbing maperials should be installed as
close to the“noise source as possible.

If you have a small or limited
of sound absorbing material and wish®to make
the most effective use of it in a, noisy
room, the best place to put it is in the
upper trihedral corners of the room, formed
by the ceiling and two walls. Due to the
process of reflection, the concentration of
sound is greatest in the trihedral corners
of a> noisy room.” Therefore, the acoustic
material which absorbs a fixed percentage of
the sound energy that strikes its ' surface
will remove a greater amount of . sound
when placed 1in such corners

energy
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Fig. 3-14b. REDUCTION IN NOISE LEVEL WITH DISTANCF.; FROM A LINE SOURCE

than somewhere else in the room. .The upper,
corner locations also protect the
ligh-weight fragile material from darige .

However, beécause of their light w%ight
and porous nature, acoustical materials are
ineffectual when applied to wall or ceiling
surfaces to prevent the
either airborne or structure-borne sound
from one room to another. In other words,
if you can hear people walking or talking in
the room or  apartment above, installing
acoustical tile on your ceiling will not
reduce the noise transmission., In most
cases, the 1qsta11ation of a soft, thick
carpet on the floor above will reduce the
transmission of footstep noise
substantially. However, reduction of both
footstep and’ conversational noise might
require the addition of either a floating
floor or a resiliently suspefided gyprsum
board ceiling to the existing floor-ceiling
construction. .

3. Use Sound .Barriers and Deflectors
barriers,
noise path

screens, or

can be an
)

Placing
deflectors 1in the

ERI!
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transmission of -

effective way of reducing noise |
transmission, providing that the badrriers
are large enough in size, and depending upon
whether the noise is high-pitched or
low-pitched. Wood or metal panels lined
with acoustical materials and placed in
front of or around some noisy maching might
attenuate the noise reaching a worker on the
other side by about 10 to 15 dB if the noise
is high-pitched. 'For example, in a room
relatively free of echoes, the noise from a
card-punch machine, which has a fundamental
frequency of about 3000 Hz, can be reduced
in the shadow of a barrier which megsures
about 5 feet (1.5 m) on a side by at least
10 dB. Low-pitched noise, however, might be
reduced by only 4 or 5 dB. Figure 3-15
illustrates the application of measures 1,
2, and 3. ? / '

N L2
. 1f intruding sound 'originates
out-of-doors, you may be able to quiet the
interior of your house by increasing " the
sound insulation of the exterior shell.
Windows and doors are common leaks for both
sound and heat. Properly fitted and sealed
storm windows and doors will cut down the

453
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intrusion of outdoor sounds as well as  acoustical lining are quite possible for e
reduce heat transfer. * high-pitched sounds. (In metric units, the

4, Use Acoustical Lining

X Noise transmittéd through ducts, pipe
chases or electrical channels can be reduced
effectively by lining the inside surfaces of
such ' passageways with sound absorbing
materials., In typical duct installations,
noise reductions of : the order of 2 to 3.dB
per linear foot Yof 1" (2.5 cm) thick

reduction is about 10 dB/m for an acoustical
lining 2.5 cm thick.) A comparable degree -
of noise reduction for the lewer frequency
sounds is considerably morg difficult to
achieve becausé it usually requires at least
a doubling of the thickness and/or length -of
"acoustical treatment., Various types of duct

lining and ‘siléncers are illustrated in Fig.
s 3-16., - ®
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5.

Use Mufflers, Silencers, or
Srlubbers .
Mufflers or _ silencers should be

installed on all gasoline or diesel engines,
regardless of size, including thosg used in

\
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Glass Fiber
g Board Liner

Fig. 3-16. VARIOUS TYPES OF ACOUSTICAL DUCT LINING, BAFFLES AND

*
L

.

Inner Metal Duct

Outer 'Metal Duct
Glass Fiber Blanket

etal Duct A

Silencer Honey-Comb
Glass Fiber

SILENCERS
. .

\

. . il
model, airplanes, toys, power tools, etc.
Such devices should also be ‘used in all
installations in which large quantities of
high-pregssure, high-velocity gasses,
liquids, steam or air are discharged into
the open air as illustrated in Fig. 3-17.
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NOT THIS

High Pressure Anrf Steam or
Vapor Exhaust Lines

i

Fig. 3-17.
]

1
N

‘6. * Use Isolators and

Flexible Couplers

Vibration

¢ In cases where the noise

path is structure-borne in character,

vibration isolators in the form of resilient

flexible couplers, or skructural
discontinuities should be
noise source .and

mountings,
breaks or
interposed between the

— - NoB}fﬂow
v

Silencer

N

Quiet Flow .,

"the floor
transmission

~ JJINC

ILENCER FOR HIGH PRESSURE EXHAUST LINE
~/ -~

1 N -
receiver. For example, spring mounts placed
under an appliance or machine may prevent
from vibrating; or an expansion
joint cut along the outer edges of .a floor
in a mechanical equipment room may reduce
the amount of vibration transmitted to
structural frame or walls of a building.
Such measures are illustrated in Pigs. 3-18
and 3-19. . »
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Hangers
Located

at the
Ceiling

{Preferred

Clevis Type
Hanger

Hangers
Located
in the

Rods .

I~

Method)

N

Mounted Unit
r

Rigid Support

o

L]
Use Enclosures,

¢
y @

Sometimes it is much mpre practical and

-economical to enclose a2 noisy machine in a

separate rbéom or box'than to quiet 1t by
altering its design, operation or component
The walls of thegenclosure should be
reasonably massive, and airtight to contain
the sound. Abserbent lining on the interior
surfaces of the ‘enclosure will reduce the
reverberant buildup of noise within it,.
Structuyral contact between the noise' source
and the enclosure must be avoided, or relse

.the
the
the
the

enclogsure configurations.

source vibration will be tramsmitted to
enclosure walls and thus short circuit
isolation. .Figures 3-20 and 3-21 show -
design and effectiveness ¢of various
Total enclosures
reductions

should be used where large noise
aré required, 1i.e., exceeding 15 dB.

U-shaped

Partial enclosures of L- or®

in areas

configurations
requiring smaller noise redyctions.

may -be adequate

o «

Yy e

°

. Rigid Support

+

2 -

PROTECT THE RECEIVER

o

When exposure to 1nten:Z noise Tields
is required, as when operating chain saws or
other very noisy equipment, measures must be
taken to protect the receiver Yrom hearing
damage. This can be done by employing some
ofi the following techniques.

USE EAR PROTECTORS ,
Molded ahd pliable’ earplugs, cup type

protectors, and helmets are gommercially
available as hearing protectors. Sdch

devices may provide noise reductions ranging
from 15 to 35 dB. However, such devices
.should be used only as 4 last resort, after
all other methods have failed to lower the’
noise level to acceptable limits.

o

ALTER WORK SCHEDULE . '

" Suppose y9u/ have done all that it is
possible to do to quiet an ‘appliance - and

~- g
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* repair, municipal trash collection,
-operatipn and aircraft

€

- Masking is 4 very prominent feature
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still it makes noise! You .should then
operate the unit at times which will cause
the ledst amount of disturbance to you and
esplcially your neighbor Waiting until
Jater on Saturday -and Sunday mornings to,
operate your* lawn mower and power saw won't
reduce thelr noise levels, but it may resuce
the intenqtty of your neighbor s complaint.
Inherently noisy operations, such as street
factory
traffic should' be
curtailed at night and early.morning to
avoid disturbing the sleep of the community.

Limit the amount of continuous exposure
to high noise levels. IH terms of hearing
protection, it is preferable to schedule an
intensely noisy operation for a short
interval of time each day over a period of
sevetal days rather thanm a continuous 8-hour
run for a day or two.

At home there are several intensely
noisy chores such as gardening or
landscaping with power mowers, tillers, and
chain saws to name a few. If the home olmer
is concerned about protecting his hearing,
he should intersperse periods of quiet
activity during such chores to rest his
ears. - In short, he should avoid finishing
intensely noisy jobs in continuous or overly
prolonged runs, unlessy of course, he

. wearing ear protectors.

In an industri plant employing a
large number of peogTe, an intermittent work
schedule would benefit not only the operator
of the noisy equipment  but also other
wokkers imr the vicinity Indeed, this
practice would be even more bemeficial if~
the noisy work were performed at night or at
some other time when a minimum number of
employees would be exposed. This assumes,
of course, that noise created at night would
be confiped to the plant area and thus not
di%’ﬁfb residential areas.

.

IS THERE AN ACOUSTICAL PERFUME?

of
the behavior of our ears. If you listen to
a pure tone against'a background of rival
sounds, it will seem to fade as the rival
background increases. JIn fact, the sounds
of ordinary surroundings are sufficient to
obscure recognition of ‘our heart beats and
breathing, which are quite audible in a very
quiet place. For some people, the awareness
of breath sounds is enough to break up the
rhythm . of breathing, and this becomes a

source of’ discomfort.
e .
. \]

is

it will be

?

~wyhere

‘beaches,

acoustical
£

~

¢ ~,

However,®sounds are masked only by
rival sounds that are quite near- them "in
pitch. Thus, the  songs of birds cannot
obscure the sngring of a person sleeping.

Although lower-pitch masking has a greater
effect on high—pitch sounds, the requirement
that the masker must be 1in the frequency
range of the tone to be masked is dominant,
as we can recognize from the fact that
orchestral music is heard as an ensemble.
Efféctive masking requifes a
source of. masking sound, 1f you can't
predict the frequency range of the noise, br

have to deal with broec—band }nterferénce.,,af’“‘

.

In order to make conversa}i’onal speeck

less obtrusive,’ as in a4 crowded Yestaurant,
some use has been made of background music
as an '"atoustical perfume'. Cledrly the
requirement
the use of relatively bland,
harmony, with a 1limited range of Volume.

Other usable sources of acoustical perfume
are rippling brooks arld splashing fountains.

Howeyer, efforts to . use acoustic
perfume fdr reduction of noise annoyance are
not Iikely to succeed if the noise 1levels
rival the
In order

to override these levels,- the

background sound must-begin to intrude into
T"thé higher levels where “the ear's behavior

is nonliffear. As a result, sounds would no
longer necessarily retain their Harmonious
character. Where people working in noisy
areas have been allowed to bring in radios,
observed that the listeners
prefer strong rhythmic patterns and' solo
melodies. .

A geﬁeralv characteristic of acoustical
perfume 'ﬁz evident: it can be wused ‘to
enhance tife surroundings in an, exceésively
quiet envir ment. People prefer “some noise
as opposed to noEVenough noise or too much
noise. Most people feel quite comfortable
in an environment with’ a low level, steady,_
soothing, unobtrusive sort bf background
ngise, such as can be found ;long secluded
forests, or quiet countrysides.
However, it 1s impossible _to produce a
peaceful envVironment» in an already noisy
place merely by obsturing the sounds, with
rival stimuli.

X

Although the
be beneficial in
extended
it

use éf masking noise can
certajn cases,“it has been
and overemphasized to the point
fails ~ more frequently than it
succeeds. The concept of méﬁking noise 1in
this context simply involves wusing an
artificially induced noise or *the ambient
“environment beneficially for

broad-band

for broad-band masking imposes’
complex

levels of conversational speech.
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magking or overriding annoying dintruding Hence such masking noise may itself become a
sounds. A descriptive definigdon of masking source of annoyapce. Likewise, using
noise might be any steady sound which has acoustic © perfume” to, ,'trade off"” or
the following pleasing charatteristics: compensate for acoustically inferior party
, i walls in the design of apartment buildings
‘ (a) lew intensity with a wide-band usually Dbackfires.. However, commercial
frequengy distribution, void ‘of fdny devices whigh electronically produce masking
pure-tone components; ' - noise can be wused to improve privacy in’
, : - - specialized situationg. - For example, using
’ (b) an omnidirectiondl source, such acoustic perfume in reception rooms or
that its location is not evident t¢ the offices of dectors, dentistss or lawyers
,observer, . . . provides additional privacy for the patient
’ or client.
. . (c) he ability te over-ride or mask :
- intruding noise without becoming . However, the presence of masking noise
, ‘annoying itself. . by whatever name interferes to some extent 2
. o« . i vith the abili to ‘discriminate sounds. .
Many .examples of sources of masking noise . s, the presente of acoustic perfume in a, ,

doctor's office might interfere with® his

.. are given in the literature; the
f:c%nftion\of a patient.

and heating and air conditioning“egud
Unfortunately neither is auitable.

noise is seldom steady, and the heating or from a stethoscope i
air- conditiening equipment is cyeclic. . levels exteed 45 dB.
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lévels within and outside the home or
apartment approach those found in industrial
plants. As a consequence, the typical
homeowner or apartment dweller finds it
rather difficult to isolate himself from the
noise. This _unfortunate situation 1is due
primarily to the following factors:

(a) Increasing use of
in wirtually all areas of

(b) layout of many
homes. Wide doorless pgassageways between
rooms, waist-high partia alls, and open
screen room dividers permit noise to travel
freely to all areas of the home.

The 6pen—spac

(¢) The poor sound inswlation provided
the exterior shell of theé dwelling

and by the partition walls, floors, and

doors within.

Ad a .
- '
- » Chapter 4
NOISE CONTROL AT HOME - ‘
_The peace and quiet traditionally (d) The dintrusion of peighbprhood/_/’
associated with the home - is fast noise, the level of which unfortunately is
‘“disappearing. Indeed at times the noise increasgng with the growth of automobile and

aircraft . traffic, and with the use of
outdoor powered equipment and appliances.
Figures 4-1 and 4-2 illustrate some of
the more common indoor and outdoor sources
of noise that the typical apartment dweller
or homeowner is exposed to on a daily basis,

TRANSMISSION OF AIRBORNE AND
STRUCTUREBORNE NOISE:

. v

The control of néisp in the home
involves reducing the travel or transmission

of. both airborne npise and
structureborne noise, whether generated by
sources within or outside the home. By
airborne noise we mean noise _ that - is
produced initially by a source which
radiates directly into the air. Many 6f the

noises we encounter daily are of airborne
origin; for example, the roar of an gverhead

S~

-

.

Aruitoxt provided by Eic:

. . Fig. 4-1. COMMON INDOOR SOURCES OF NOISE * ©
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Fig. 42, COMMON OUTDOOR SQURCES OF -NOISE

jet plane, the blare of an auto horn, voices
of children, or music from stereo sets.
Airborne sound waves are transmitted simply
as préssuge fluctuations in the open air, or
in buildings along continuous air passages
such as corridors, doorways, staircases and
duct systems.

The disturbing influences of airborne
noise generated within a building generally
are’ limited to the areas near. the noise
sources. This is due to'the fact that
airborne noises usually are of much smaller
power and are attenuated more easily than
structureborne noise. The sound from your
neighbor's stereo system may cause annoyance
in rooms of your apartment which Tfare
sadjacent to his, but rarely in reooms farther
removed unless doors or passagéways are

open.

Aruitoxt provided by Eic:
<

Structureborne noise occurs when wall,
floor br other building elements are set
nyo v bratory motion by direct contact with -
vib sources such as mechanical
equipment or domestic appliances. This
mechanical energy is transmitted throughout
the building structure to ather wail .and
floor assemblies with large surface areas,
which in turﬁ are’ forced into vibration.
These  vibrating surfaces, which behave
somewhat like the Sounding board gf a piano,
transmit their motion to the surrounding
air, causing pressure fluctuations that are
propagated as airborne noise into adjacent
aréaga ~ .

The intensity of structur borne noise o
generally Js. much higher than th
"by a wall or floor strugture- :
been excited int6 vibration by an airborne
sound wave because’ the vibrating source is
more efficiently coupled to a strgftural'

’

, little

member than it is to the * surrounding air.
«Unlike sound propagated in air, " the
vibrations are transmitted rapidly with very
attenuation throygh the skeletal
frame of the buildihg or other structural
paths. These vibrations Ffrequentl} reach
large light-frame structures which perform
rather efficiently as sounding boards, and
radi&te the noise at high levels.

"SOUNDING BOARD" EFFECT

] . -

It might be well to comsider briefly
so-called "sounding board effect", a
reinforcement or amplification of sound,
which so frequently is involved in the
radiation = of structureborne noise.
Generally speaking, the efficiency of a
sound rvadiator varies directly with the
ratio of its surfage area to the wavelength
of sound; the larger the area of a radiator
the ‘greater its effectiveness. ~ A sound
source with a small radiating surfacg, such
as’ a water pipe, produces rélatively little
airborne sound; but on the other hand, it
will radiate high—pitched soinds more
efficiently than low-pitched sounds, ¢all
ather factors{ being equal. If - a small
vibrating sour3§, which by itgelf radiates
little airborype noise, is . rigidly or
— mechanically coupled 'to a large surface such
as plywoos or gypsum wall panel, the
intensity or volume of sound will be
substantially reinforced or ampliffed. A
piano provides an illustratign of this
effect. If.we were to remove the sounding
board of a piano, the sound generated- by the
vibrating strings yould be almost inaudible,

the

R S because of their small radiating surface.

I
Under. certain conditions, airborne
noise may produce structureborne noise whiqhh
in turn may be radiated again as.iirborne




noise. For example, an airborne souhd wave
striking one side of a wall may cause the
entire wall to vibrate .like a solid panel.
Thus, the sound is transmitted to the other

~ side of the wall from whieh it 1is radiated
as airborne sound. Howevey, some of theg
wall vibration will be transmitted to the
supporting floor, adjacent
through other structural members to various
parts of the building where it eventuang
emerges as airborne sound.

There are many noise sources, which

' generate both airborne gand structureborne
noise simultaneously. Sources usually
considered to’ be strictly airborne noise
generators may produc¢e a substantial amount
of .structureborne noise and vibration if
_they are fastened rigidly .to wall and floor
“sttuctures. For example,
built into a wall.encleosure might

L

cause not

only the wall to ¢ibrate but perhaps the
N rafters ag well. -Every noise source has
vibrating elements which radiate hoise. A
window air conditidner suspended in mid air

would produce a substantial amount of air-
borne noise; however, when the unit is
mounted , in a _conventional manner a

combination of both structurkborne and
airborne noise wof greater intensity is
produced, due -to ‘the induced vibration of
the window and supporting wall,
Occasionally, a noise source may produce
vibrations so low ig}érequency that they can

be felt but not hea In.some instances,

such a source may ‘induce a wall or floor

structure to resonate at its own natural
- ¢ frequency, which may be in the audible
range. Thus, the low-pitched drone of a

passing airplane imay cause a wall or window
“ to resonate at..a higher pitch than that
radiated by the plane itself,

- -

FLANKING NOISE TRANSMISSION

. R The movemen:t of noise frgm one
- completely enclosed room to an adjoining
.room separated by a continuous partition
wall may be either by direct transmission
through that wall, or by.
transpission through. adjoining walls,
ceilings and floors common to ‘both “rooms or
through corridors adjacent to the room.
Noise transmissian by indirect paths is
known - as flanking transmission. Quite
frequently one is faced with a nojse ptoblem
that involves a combination of both direct
and 1indirect transmission paths, .and in
which noise from the indirect path may be
.the more serious offender. Such indirect or
flanking transmission commonly occurs with

~ -  structureborne—as-well-as--airborne-noise.—

ERIC - L,

walls, and-

loudspeaker

» not only

"+ building to vibrate and . to

indirect;

tran§mission paths”

&
The chief
of alxborne noise.between two'adjacent rooms

flanking
usually involve common corridors, \
ventilation grilles, duct systems, open- i
«ceiling plénums which span‘ both -rooms," -
loyvered' doors, and-close spacing of windows
between rooms. In addition to the flanking”
paths, . there . may Dbe noise leaks,
particularly along the ceiling, floor , and

side edges. ofthe partition wall. Also,

noise leaks may occur around pipe - and
conduit , penetrations, bagk-to-back
installations of cqbihets and electrical
outlets in the par;ifion wall. _Imperfect
workmanship -may result in e6erdous noise .
leaks, e.g., poor mortar joints in masonry
core-walls which often are concealed behind

furred walls, panels or built-in cabinets.

As we see in Fig. 4-3 airborne noise
may travel from one room ‘to another over a,
number of different paths, some of which are
complicated but-often hidden from
view. ‘

Flanking = transmission paths of
structureborne noise, as illustrated in Fig.
4-4, are about as mumerous and difficult to
trace as those of airborne noise. Noise and
vibration- prodﬁ“ing equipment such as fans,
COmMpressors, pumps, ventilation and plumbing
systems readily &ommunicate their
vibrational energy to the building structyre
if no precautionary measures are taken. The
vibration travels quickly over long
distances through the skeletal building
structure with: no appreciable attenuation,
forcing other building elements like wall
and floor assemblies in other parts of the .
radiate noise.
*While noise » ¢r vibration transmission
‘Problems ‘between adjacent rooms ° are
relatively simple to resolve, it may" be @
.extremely difficult to determine the reasons
for excessively ‘high noise or vibration
levels " in rooms far removed from the noise
_sources. The difficulty arises in;tracing .
the specific flankifig paths and idéntifying
the operating equipment at fault.

” _ . & . . - : . ),
A’good rule to follow is to conduct a;‘__~_j:XQ

inspection of the apartment bu#lding in
order to locate all “excessively nolsy areas..,
Idenpdfy and examine the major noise sources
in each area, including their mountings and
"other accessory equipment and hardware to
which ithey are connected. Then, starting
with the noisiest source try to reduce as

mueh as possible the . airborne noise !
raddation and vibrat{fon®h ® motion of the
source, using the various techniques
Qiscussed throughout this guide, This, of

Ccourse, presupposes that the building owner

7 X .
50 : , «
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FLANKING NOISE PATHS * o
\
FI OPEN PLENUMS OVER WALLS, FALSE CEILINGS .
F2 UNBAFFLED DUCT RUNS s
F3 OUTDOOR PATH, WINDOW TO WINDOW
FA CONTINUOUS UNBAFFLED INDUCTOR PNITS
F5 HALL PATH, OPEN VENTS
. 76 HALL PATH, LOUVERED DQORS 9
F7 HALL PATH, OPENINGS UNDER DOORS
. F8 OPEN TROUGHS IN FLOOR-CEILING STRUCTURE

.

OTHER POINTS TO CONSJDER RE: LEAKS ARE (A) BATTEN STRIP AJO POST CONNECTIONS OF PREFABRICATED

-

\

AV
=

=

| > S

NOISE LEAKS
x

o

LL POOR SEALAT CEILING EDGES ,

L2 POOR SEAL AROMND DUCT PENETRATE

L3 -POGR MORTAR JOINTS, POROUS MASONRY BLK
L4 POOR SEAL AT SIDEWALL, FILLER PANELETC, ¢
L5 BACK TO BAGK CABINETS, POOR WORKMANSH!P
L6 HOLES, GAPS AT WALL PENETRATIONS

L7 POGR SEAL AT FLOOR EDGES*

L8 BACK TO BACK ELECTRICAL OUTLETS

L9 HOLES, GAPS AT FLOOR PENETRATIONS

. WALLS, (B) UNDER FLOOR P1PE OR SERVICE CHASES, (£) RECESSED, SPANNING LIGHT FIXTURES, (D) CEILING
- & FLOOR COVER PLATES OF MOVABLE WALLS, (E) UNSUPPORTED AJO UNBACKED WALL BOARD JOINTS (F) EDGES -
& BACKING OF BUILT-IN CABINETS & APPLIANCES, (G) PREFABRICATED, HOLLOW METAL, EXTIMOR ,CURTAlN \ -

WALLS.

- ’ -

., -

Fig. 4-3. COMMON A1RBORNE NOISE TRANSMISSIQN EATHS‘ IN 'Bl_JILD.INGS
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or management will permit“such a survey to

T
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GENERAL SOLUTIONS FOR NOISE CONTROL "

Q

E

Aruitoxt provided by Eic:
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. be done. However, - most owners faced with IN, THE HOME ¢
. noise Ttomplaints can be  persuaded to -~ N\ N
cooperate, especially if the chances are General solutions for fhe control of
good that the installation of some noise in the home or apartment involve a,
inexpensive treatment~ or simple devices three step approach, namely: - .
would alleviate the noise problem, as for . . .
example inserting vibration isolators under ¢H) Stop or reduce the fransmiésjon of
a plmp or elevator motor; or perhaps airborne sound by 1installing a
installing pressure reducing valves in ~ wall or, floor structure in its
certain locationg of the building plumbing path. Ideally, the structure
system. i should——reduce the —tevel —of
. "i;q 1’8.1 5'6 ’ v ’
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IN BUILDINGS o

-

J

.
b ) ' P
intruding sound sufficiently to ..ycarpet with felt or rubber padding
make it 1inaudible, or at least will be adequate. A floor of
2 unnoticeable in areas where . light-frame construﬁtion might
privacy 1is desired. The sound require not only carpeting, but
insulating effectiveness ' of , a . also a_ gypsum board ceiling
single wall is dependent  on stispended on resilient thannels(to
weight thereds a gain of ahout 5 achieve- the same degree of impact
, ' dB in sound insulation or . isolation.’ -
g = t%anséiasion los's for each . - !
- doubling of the: wejght of~ the (3) Stop or reduce sound reflection
.- wall. However, single walls are N which tends to amplify or'buildup
not very effective where a high the level of . noise, particularly
LN - degree of sound insulation is in rooms. Ordinary . room
' requirea. ‘For the same owerall ' * furnishings like carpetfng,
weight, a double wall or one using _ drapery and upholstered furniture
resilient studs or ‘thannels can be ° are effective sound absorbers and
- made to provide a higher degree of~ should, therefore, be wused to
sound ‘insulation than a single control excessive reflection.
» wall. Sound reflection off hard ceiling |
. . - ) surfaces can be minimized by the :
(2) Stop or reduce the transmission of . installation of an absorptive
. impact or structureborne noise by . ceiling.
installing a structure, whether a
" Wa¥l 6r a floor, that will cushion Techn}qués for the control of airborne and
the 1mpact or intetrrupt the path strictureborne noise transmission through
. of vibration. In the case of a wall and floax structures are illustrated in
. « conQ{ete floor slab, a thrick soft Fig. 4-5. ’
~ N * . t ”
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" .+ THROUGH WALLS AND FLOORS §
SOUND ABSORPTION VERSUS SOUND INSULATION resistance to the passage of soupd through
i A oLt it. A brick wall on the other hand, 1§ a
The .reduction and control of noise, very poor absorber of sound but it is an
whether in machinery, buildings, .or ‘rooms, extr’emely effective sound insulator.
generally  involves the wuse of . sound Because it 1is massive, 1t resists.  the
absorbing materials and seund insulating passage of sound. Perhaps a better example
materials. These materials have different illustrating the difference between
properties and are ‘'used for different absorpt}on and 1insulation 1is the ordinary
. purposes, which can not be ginterchanged. blotter. The blotter is a very good
But due. to confusion, both matefials often absorber of 1liquids, .but one would never
‘ % are misused, . . consider using blotting paper to ‘forgn the
. ‘ o J walls of a swimming pool. When the blotter '
Sound absorbing materials such as absorbs the liquid to its saturation point,
acoustical tile, carpets and drapery play an the liquid readily passes.« through it and
JAndispensible part in controlling noise leaks away. ‘. . ’
generated within a room or in reverberant . . N
areas such as 1lobbies, corridors and Because sound insulators and soupnd
staircases. Although guch materials are °  absorber§ are #bth Ggalled "'acoustical
highly effective as sound absorbers, they “treatment", confusion arises between their
. gre reldtively poor sound insulators because proper  uses. Improper application of
of their soft,. porous and 1lightweight sound-absorbing treatment to reduce the
construction. In short, they transmit noise transméssion of noise between adjoining )
very easily. To illustrate this point, areas in an existing building has often been ‘
imagine a wall &constructed solely of an expensive and annoying error.
: acoustical tile, carpet or drapery material.
——Sueh—‘a—wa%l—m%&—prwx&e—vﬂma—ﬂrm ‘A“‘WWMW
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- porosity

A . "
genezally light and porous. They should not
bs used on the interior syrface of one room
with the sole intention of preventing the
transmission of ‘sound to the next'room._IThe
of the material actually
facilitates sound transmission.

KITCHEN NOISE %,

_With rare exception, the kitchen is the
noisiest room in the'home. . This is dye to
its hard sound reflecting surfaces, and the
frequent and oftentimes _ simultaneous
operation of the various types of very noisy
power=driven applignces found in ‘the
kitchen. These include. garbage disposers,
‘dishwadhers) blenders, mixers, can openers,
ice crushers, exhaust’ fans, etc. Although
kitchen noise generally subsides before
bedtime and fhus rarely {interfers with
sleep, 1t ranks as one of the most
irritating disturbances during daytime or
early evening pexriods of relaxation and
entertainment. Even though most kitchen
appliances are operated for relatively short
periods of time, it }s the intensity, random
intermittency and the periodic or- cyclic
characteristics A of the noise that are
especially annoying, as for instance the
noise associated with filling, washing,
dratning and rinsing cycles of a dishwasher.
Kitchen noise like most building noise
problems can .be avoided if good noise
control gechniques are incorporated early ine

: N M
the design stage of the Tome. This can best
be donqeby adopting the following design und

nolse c¢ontrol features. M

v (1) Choose a floor plan which locates
the kitchen as ' far as possible from
suclr noise sengitive areas as bedrooms,
studie§‘or formal 1living rooms. ) ,

. <

(2) Design the kitchen as a completely
enclosed sound insulated room. .
(3) Select '"quiet" appliances _and
insist on proper vibration isoYated

. mounting or installation, and

(4) 1Install sound-,absorbing materials
on room surfaces to reduce the noise
buildup due to excessive reverberation.
Materials such as acoustical, ceiling
tile, draperies and curtaigs, carpets
or throw rugs and evén racks of exposed
towelling “an provide a considerable
: reduction in kitchen noise level.

What can be done to confrol the noise

from an  existing kitchen with typical
appliances and furnishings? A significant
reduction of both the level of noise in th

kitchen area and ‘the amount of noise
escaping to other areas of the home can be
achieved by adopting the recommendations
illustrated in Fig. 4-6, and described in,

greater detail below.
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{1} Install solid db&v‘v:h gaskets . {6) Install rubber or cork tile &n backs and shelves
{2) Use vibraticn isd!ators & mounts of cabinets
(3) isolate appliange Yrom cabinet with. rubber {7) Apply vibration damping material
gasket (8) Instalt acoustic tile
(4) Insert rubber gaskets behind cabinets and (9) Install exhaust fan on rubber mounts
¢ . appliances to avoid wall contact (10) In3tall acoustic ceiling ;

{5) Place rubber pads under small units, dish racks (11) Instail carpet or foam backed tile

" and in sink basins .

L Fig. 4.6. RECOMMENDATIONS FOR REDUCING KITCHEN NOISE
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Install Doors,

installing dogrs in all passageways. Doors
should be of solid core construction and
. equipped with soft rubber or plastic gaskets
at the top, sides and at the bottom, as
illustrated in Fig. 4-7. Hinged or sliding
doors may be used, providing good edge seals
are maintained. Such an installation’ will
confine the noise to the kitchen area.

Control Appliance Noise !

1. Vibration 1isolate the appliance
from the floor

Place pads of ‘resilient materials

.o such as sponge rubber, ribbed

neoprene or .solid rubber under the

legs or corners of large, heavy

applianceg like wash machines,

dryers, and refrigerators to

-

pLY
VENEER
FACES

4 SOLIDWOOD °
CORE

Completely enclose the kitchen area by .

¥e

prevent the transfer of machine
vibration to the supporting floor.
Pads measuring 1/4 to 1/2 inch (6

to 13 mm) in thickness with an
area of about:2 square inches (13
cm ) should ©provide ° adequate

vibration isolation for most large
appliances. ’To,prevenf/screwrtype
legs from sinking too” deeply in
the pad, .place a hard-plate on top
of~the pad to distribute the load
more uniformly. The® legs may
require some ad ustment to prevent
rattling against the hard plates.

2. Isolaté appliance from the wall
\ .
conditions should any
rigid contact with
a wall. A space of at least 2
inches (5 cm) should separate the
appliance from the wall. Flexible
plastic or rubber hoses should be

Under no
appliance make

\

€ o,
USE IN ENTRANCE, USE INCLOSET _ ¢ .
BEOROOM & BATHROOM AND STORAGE AREAS
AREAS : .
] , ~ » .
S0410 CORE DOOR HOLLOW CORE DOOR .
¢ N
0
~ . i '
. . ‘-T?:;':
- R
) . TuBE
. AUTOMATIC LAP GASKET SweP
DROP JOINT INSIL STRIP . .
N ~ 2, — \ v
. LN ’ \\ DOOR SILL CLOSURES . T
Fig. 4-7. PROPER lelALL/XT\IUN OF SOUND INSULATING DOORS s
. .
< . b0 ,
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used in the installation of food
waste disposers, and of dish or
clothes washeérs to avoid the
transfer of machine vibration to
the walls containing the plumbing
outlets or fixtures. Otherwise,
the yibrating walls acting 1like-
sounding . boards would, tend to
amplify the machine “hotse.
N t

Isolate the appliance from ca‘l-ﬁnet:

.enclosure

Appliances . such as dishwashers,
disposers, compactors) etc., which
are built -into or enclosed by
counter—type wall cabinets, should
preferably be installed with a
perimeter strip type gasket or
spacers made of soft rubber to
vibrationally isolate the cabinets
from the machine. A strip gasket
1/4 inch (6 mm) thick and 1/2 inch
(13 mm). wide attached to the top
and side edges “of ‘the cabinet
opening Into which_the appliance

v

is to be installed would provide

adequate isolation.
Small countertop appliances such
as’ blenders,” mixers, ice crushers,
can openers, etc. should be placed
on small pads of soft rubber ' to

“prevent the transfer of vibration

to the countertop. -

pe o Lo e N

\

As a -t:en;poraryv;“g; measufe, folded
towelks placed® under small
appliances can be effective.
However, in using these schemes,
one must be careful to avoid
blocking any air vents used
cooling purposes that might/ be
located in the base of the ugits.
Otherwise, the appliances
tend to overheat with prélonged

use. [,
- A soft rubber sleeve-type gasket™

inserted between [the mounting,
flange of 3 waste flisposer and a
sink basin will tpnd to prevent
the sink from vibrating and thus
amplifying the dikposer noise.
Figure 4-8 1illustrates the proper
installation* of a disposer" for

. quiet operation.

Isolate the cabinet enclosure from
wall

Countertop wall cabinets ~ with

built=in apnliances tend to

A — Rubber Gasket F — Ring Plate”
C'- Acoustic Mat'l  H - Steel Washer

E — Mastic Coat

vibrate excessively when .the
devices are used. To prevernt the
transmission of the vibration to
the bagk wall, stxip gaskets, as
described above  should be
inserted behind the cabinet to
avoid rigid contact with the wall.
This will eliminate the- tendency
of the wall to act as a soynding
board. .= Such gaskets- will also
redu¢e impact noise ,radiation
caused by the stocking of cabinet
shelves and the closing of drawers
and cabinet dovrs. fg .

@ -
Isolate small appliances

In most cases it +1s extremely
difficult to reduce the noiser

-output of the small countertop

appliances that you presently own;
the devices usually are bgilt: S0
compactly that 41t 1is virtually

.impossible to vibration isolate

the case or housing from the motor
and gear °“trains, which generally
are the main sources of noise.
The 1lack of room also precludes
lining the case with _sound

K = Ring Clamp

L — M¢tal,Cover

M — Glasswool

| — Rubber Washer N — Disp’l-Housing

G - Disp’l-Flange

J — Nut O — Rubber Sieeve

P —~ Rubber Hose

" Fig. 4-8. DESIGN AND INSTALLATION OF A

GARBAGE DISPOSER FOR QUIET

Q

ERIC

A i Tox provided by eRic

- * ' -61

O

OPERATION

«




Y e

Q

ERIC

Aruitoxt provided by Eic:

.

6.

~

7.

1

. Placing

. minimize

,supplies

absorbent material. Sometimes
. lining the inside surfaces of an
" appliance with & -metal or lead
foil-backed adhesive coated thpe
will damp® the vibration of the
case and thus result in some
reduction of the noise. Aside
from operating the units at low

speeds, about all the owner can do
is to wvibrationally isolate the
units from the counter tops by
placing soft rubber pads under the
base. This scheme at least
prevents the counter top from
amplifying the noise as a sounding
board and thus results in a
noticeable reduction in the
overall noise.

rubber mats in
basins, and on counter tops
alongside the cook range,. and
under dish drying racks or baskets
will cushion or absorb the impact
noise caused by hhndligg of
de¢shes, potg and pans; further,
such mats %ill tend to suppress

the drumhead type amplification of

;- impact noise py the hollow
reverberant cabinets. ‘
Cushion impact noise in the
cabinets

Install.. soft rubber or cork tile
on the shelves® and back surfaces
of the kitchen cabinets
the
by placing. . disbware or food
in the cabinets. The

tiles will . cushion or absorb the

* impacts caused by such”chores.

.

Placing soft rubber bumpers ‘or
small strips of foam rubber on ‘the
inside edges of the cabinet doors
will reduce the noise caused by
the closing or slamming of the
doors. )

Apply vibration damping material

ink basins equipped with a food
aste disposer should be under~-
coated with a thick layer of a
mastic type vibration
material or other types of
vibration dampers- as 111ustrat§a
in Fig. 3-9. Such' treatment will
suppress the vibration of the sink
and resulting noise caused by
opéra ]

sink,

to °
impact noise caused »°

damping .

-

o

‘Damping treatment applied to the
interior surfaces of .the metal
cabinets and tumblers of larger
appliances, especially washing
machines and dryers, -would result
in a Wqticeable reduction of noise
due to cabinet vibration.
. i

Install acoustical lining

QvInsﬁalling acoustical stile on the

Interior walls of the sink cabinet
will minimize the noise buildup in
the hollow. reverberant enclosure.
If' space permits, ‘this treatment
should be applied to the cabinet
that encloses ;he dishwasher or
any other appliance.

[
Install exhaust fans rubber

mounts

on

N

1 exhaust systems wuse
high speed, noisy, propeller -fans
that are mount rigidly to the
ducts, which in turn are connected
to the ceiling by means of the fan

&
Mgst ceiling

grilles. These structural paths
carry the fan vibration to the
ceiling, which acts like a large
sounding bdéard "and amplifies the
noise. You can reduce the noise

level noticeablz by following this

three-step procedure: If
possible, remount -the fams on
rubber rommets or , ‘spacers to-

isolate it from gbe dﬁct, as shown

in Fig. 4-9. In addition, try to
break contact between the 3!3: and
the ceiling by sdnserting a\soft
sponge rubber gasket or spacers
between the grille - and the
ceiling. Operate the fan ‘at its
levest speed. ~

“In the case of a hood. type fan
installed directly above the
stove, 1t is wunfortunately much

more difficult to reduce the noise
output because of the *severe space
linitations. In most situations,
the only measures you can use to
lower the noise are to operate the
fan at 1ts slowest spéed and to
keep ‘the oil and ‘'grease from

N

clogging wup the pores of the
filter pack. If it is at all
possible to do so, install the fan
on rubber mounts; this will reduce

P

£

”

accumulating on the fan blades ahd ~
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When replagement of a ceiling or

hood exhaust fan is due,” remember
that squirrel-cage type fans are
less noigy/ than ~propeller blade

units,,a[s‘_‘iylm_tlrated in Fig. 3-2.

_solution to avoid
exhaust fan noise is to instail a
squirrel- .cage——fan on rubber

mounds at the discharge or outdoor

end of the duct ins%ead .of at the
intake end in the kitchen ceiling...

These mea'sures combined with some
acoustical 1ining near the fan and
a flexible 1link between.he duct
-and the ceilifg would result in a
relatively noiseless operation.
These measures should be wused in
the installation of bathroom
exhaust fang as well.

10. " Install acoustic ce}ling

The installation of an acoustic
ceiling 1in the*kitchen area will

. Fig.49, ' PROPER INSTALLATION OF AN EXHAUST FAN

12..

MOUNT ARM

SUPPORT BRACKET

RUBBERTASKET

B f y
~
.

“

« -
abserb a noticeable amount of
noise,  For ease of_cleaning and
maintenance, vinyl or membrane
faced tile are  available.
Draperies, curtains and Tacks of
exposed toweling also. are good
sound absorbers, particularly at
high frequericies.

Install carpet or foam-backed tile

»

Installation \Bf foam-backed tile '

or indoor/outdoor
carpeting, * which ~ is stain
resistant,; is an effective way of
reducing impact noise caused, by
footsteps and dropped objects.

type

Quieting of large appliances °

The application of basic
noise-control principles "in the
early design stages of large

appliances would eliminate much of
the noise -and disturbamce such

Q
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devices cause. This, of course, Ifdstall soft rubber gagkets
is~ an engineer's responsibility, around pipe openings and
«and should have been incorporated along the perimeter edges of
in the design. The consumer can ° S doors, of washing mawhinés,
; . encourage such practices by giving g dryers, and ,dishwashers to
) preference to quiet appliagprces. prevént noise leakage from
o Existing appliances can be quieted " ,'-' inside the machines.
N to some degree by applying the . <
noise control measures illue r'\ated . (e) With'such units in" operation,
L in Fig. 4-10, and listed below. . . * run your fingers lightly over
’ . ) the surfaces of the machines
(a) Install ribbe‘d&éneoprene or . t, to find areas of greatest
- soft rubber pads under the - '\'\' vibration. At these points
B 3 legs of the units. N . install vibration damping
. materials on the inside
. (b) Adjust screw~leveling legs to surfaces. This will ténd to
prevent units from wobbling. : - suppress the vibration and
. reduce the noise output. ~
) (c) - Tighten all loose parts and T ,
panels to prevent them from (f) Apply glass fiber board on
rattling. . the interior surfaces of the
- AIR LOCKS TO REOUCE USE RUBBER PADS AND GASKETS
WATER HAMMERING  » TO VIBRATION 1SOLATE
APPLIANCE FROM CABINET
?’ v ' - ; S
e - : :
aexiste < Fol WASH MACHINE \\ i . 0O = ; /;
) CONNECTORS 3% ‘ % / > \ — S
S i i 01 beriskrer 1)) [/ //
b i /Y-ruseeR ¥ g '
) E @ /’/ GAS,;TBRATION / ! //I =
’ 7 ISOLATOR 4 =~
) . g 3:d) /% et i )) <

- . = S PERIMETER

, CONDITIONER
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cabinets to reduce the noise hear their children at will anywhere in the
. . bufldup/ in these reverberant house without compromising the sound
. encjosures. isclation that other members of the family
) : might enjoy.
‘ (g} The more technically N
compéggnt person might try Noise 1in recreation rooms caused by
mounting motors and pumps on playing such popular games as darts, table
resilient isolators and tennis, and billiards can be made less
inserting rubber sleeyes  disturbing, without detracting from the fun,
By around pipes and conduits at by placing a r;Pb r. pad behind the dart
i . points of support or contact board, underceatfng the tennis table with a
- ! with large cabinet surfaces. | vibration damping compound, and by placing
o . rubber pads at the bottom of the billiard
“‘u&Incorporation of the above acoustical pockets and lining the ball return chutes
N measured will’make a substantial reduction with rubber or cork tile. Such treatment
) of the noise in the kitchen area. ‘ will cushion the 1impacts and muffle the
resultant noise and di%traction.
RECREATION OR PLAY' ROOMS Earphones or headsets can be used when
anyone wishes to listen _to a sound system,
Other rooms ‘of the home can be as noisy radio or television set without disturbing
as the kitchen. These rooms are the family ‘other members of the household. jyThis use,
or recreatidén rooms, fhere members of the of course, does open the possibility that
- family, especially chilliren, are permitted the listener unwittingly can turn the sound
to watch television programs, 1listen to volume up to levels hazardous to his
their stereo $ets, play games ox practice hearifig. Some limit should be set, either
. . their music lessons. Such rooms tend to be by =an attenuation ﬁad inserted at the
somewhat reverberant and noisy because the earphone outlet (which can be installed by a
wall and floor surfaces and furniture serviceman) or by marking a stop position on
generally found in these rooms are made of the volume control, beyond which it should
hard materials de51gned to be stain not be turned. .
resistant and durable. In additiom, the
rooms genqrally have wide open passageways, Basement Recreation Rooms P
which permit the sound to travel to other B ¢
areas. ' SR one-story homes, special attention
s must be paid to prevent the transmission of
Installing acoustic tile on the sound from recreation rooms located. in
ceiling, drapery on the walls, and perhaps basements to noisedfensitive areas on the
placing .a few pieces of shag carpeting on floor above. In many cases, recreation
the floor will reduce the noise buildup, and rooms aré located directly below bedroomgand
, diminish distraction and annoyances, , study areas where privacy’® and quiet
) surroundings are most desired. The
R While such measures will reduce noise installation of a soind insulating ceiling
“levels 1in the. recreation room, they do assembly " will alleviate such problems. A
little to keep.the noise from spreading to ceiling assembly which will provideladequate
other areas of the home where a quiet and sound 1insulation under most circumstances
relaxing af%vsphere may be desired even would consist of the following construction,
~ during daylight hours. The most effective as illustrated in Fig. Z=11.
_measure to decrease the leaké noise A . v -
from rooms with open ghgyshgis to - (a) If the flooc* joists are exposed,
install sound 1nsu1at1ng oors, as ‘was - install a_ .3 inch (7.6 cm) thick
recommended in the case of the kitchen area. - layer of glass fiber ‘insulation
. . ' ’ vetbeen~the joists,
» However, some people,  mothers’ in ¢ R
; particular, might object to having rooms (b) attach metal resilient channels to
closed off for fear that they may not be - the under  edges .of <the joists.
able +to hear what their children are doing ) The channels should be installed
in other parts of the house. Of course, so that they are perpendicular to
when needed, doorways 'can always be <kept 0 the joists and spaced 2 feet (60
open, but a more Yyractical solution to this cm) “apart.
problem is to install an intercommunication »
system " throughout the: house. "This (c) Afléch a 5/8-inch (1{\ mm) thick
———etectrontc—device—will-enable mothers to 1a of gypsum heoard to the
» - v -
® 57
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. -~ 1. wood iloor joists 5. resilient metal channels
. 2. wood subfloor 6. gypsum board, 5/8 in. thick
s 3. wood finish floor 7. acoustical tile . . -
. . 4. glass fiber blanket, 3 in. thick + . 7 . N -
B N [ PR
. - .
- ¢ ¢ . 2+
. Fig. 4-11. DESIGN OF A SOUND INSULATING CEILING FOR A BASEMENT . y
- - - - RECREATION ROOM .
- L, T ¢ o ) .
‘
g ) ’ - 1) . ’
resilient channels with CORRIDORS, HALLS, STAIRCASES
o . self-tapping sérews. : * .
. o . In most apartments and homes, corridors
( (d) Provide 4 1/4-inch (6 mm) or halls separate the noisy kifchen and
. clearance’ around the‘«perimeter family) areas from the bedroom and study
‘ edge -of the ceiling to avoid areas ywhere a relatively ‘high degree of
contact “witk the walls, and fill privacy and quiet is desired. The mosE
» the space \;h .a res:l'.lrient effective way of preserving this privacy is
- » non-setting caukk. ' to install a solid « core ' door .,
¢ ’ . at the entrance of the hall leading the
(e) To reduce excessive reverberation bedroom area. Such doors, %hen inftalled ™ ‘
An the recreation room, cement with proper gaskets, become very effective |
acaustic t,i]:e to the gypsum board barriers against the no}mz‘ escaping from the |
: ceiling. As mentioned previously, kitchen or family room ‘areas of the home.
the application of %he acoustic In addition, installing a soft thick carpet ‘
» - tTle will not improve the wsoun¥ in the hall and staircase wiIl muffle the |
oo . insulation .of the new ceiling impact noise of foot steps and reduce °
construction, but will only reduce reverbefation ‘thus leading “to a quiet
the noise level .in the recreation environment. -
* roam. : - 5 . o L v
o : Q ‘ IMPROVING THE PRIVACY OF YOUR BEDROOM, STUDY
Install.' a- sourd insuF®ting door with BATH AREAS )
R proper gaskets at the entrarce "t& . the .
staircase leading to_ the basement recreation Although interference with a.person's |
¢ room. This measure will,confine the noise slee 19/)!::’:,1 to be tolerated, especially [
to the recreation room area. at night, there are times when one desirds |
- * ’ - qfiiet and privacy during the day. Areas .
» Install carpeting on the stairs ,to requiring such privacy are -the- bedroom,
absor® both airborne noise and the impact study, and bathroom areas. Unfortunately,
- noise of footsteps. in most homes and apartments the 'lack of
’ 58 : .
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‘privacy
arises

is obvious. This
of the following

in these
from the

areas
use

building constructions and practices: -

(a) t:hin I{ueer, hollow-core doors,
. - (b) open a spacesﬁunder doors that
2 'provid% for * the circulation of
return air, and”
(¢) the poor sound insulation provided

by light imterior walls throughout . °

the home, particularly in bedroom
areas. P .
[
The common practice of installing a
forced-air aventilation system in some

ntral‘closet location is

responsible for

i patﬁs become sound paths that nullify
rivacy ordinarily provided by walls and
door .

‘The obvious solution to this problem is

\ .

) 1install solid core doors fwith
perimeter gasketg and a drop
closure,

() if possible, install separate
return air ducts in each room.
Sometimes this—~can be done
one-story houses, 1if the floor

in—

hall or

lacke of privacy in homes and apartments.
nce such a

system often uses a central

corridor as the main air return

duct, all other rooms bordering on this hall
must vent the
spaces under the doors.

return- air through open air
Unfortunately, such

Acoustic Lining .~

joists and ductwotk are exposed ir
the area below. If this, is not
possible, install

re commereial ly
available. » :

- PR

size grllle 6ft. Iength of acoustic
lining in each duct run, rounded
duct cornersland strearn—lined
deflectors oriwide-mesh grille
face. Avoid sharp edges. .

. -
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Flg 4-12. DESIGN AND
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jacoustically *

lined air transfer -grilles ‘or
ducts, as 1illustrated in Fig..
4-12. Such ducts

W
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During construction of the house,
gimilar return air ducts could
have been built. between the
studding of the bedroom®walls, by
simply 1inimg the inside surfaces
of the wallboard with acoustical
*duct liner and providing an outlet
grille at the top of the duct on
the hall side of .the wall, and an

I+

- —

structure is the sound transmission loss.
The 'sound transmission loss is defined as
the number of decibels by which sound power
randomly incident on a partition wall is
reduced in transmission through the wall.
This is illustrated in the left top diagram
of Fig. 4-5, which shows a wall with an STL
value of 30 dB ‘reducing an iIncident poise
level of 70 dB to a transmitted level of 40

9

’ intake grille at the bottom of the dB, a 30 dB reduction—1In this case, the -
duct on the bedroom side of the transmitted noise level i1is .above the,
wall. background noisg and as a result is audible.

e v The right diagram shows a 50 dB wall undet
If one is disturbed by conversation, TV the same noise conditiohs reducing the .
sounds, etc., coming through the walls in transmitted noise to an inaudible level, .
bedropm areas, he should also look for noise i.e., below that of the background noise.
.leaks at the base of the walls and at In this instanee, the background noise 1is’
electyical olitlets. said to mask the “transmitted noise. In the
X ("-‘—‘ first example, the wall would not provide
The sound insulatign of an existing satisfactory sound insulation whereas in the
wall may be improved by eliminating such saxond ‘case, adequate 1nsuiation would be
. sound leaks or by laminating another layer achieved under these conditifons..
of wallboard, preferably = to both sides of ’ ' ,
the wall, (See Fig. 4-13.) - Thus, the satisfactory performance of
5 the wall in a given situation hinges
. primarily on three factors: (1) the sound
IMPROVING THE SOUND INSULATION OF WALLS level on the source or noisy side; (2) the
< ) - sound transmission loss of the wall; and (3)
A quantitative measure ,of the sound the background no@se level on the receiving
insulation provided by« a wall or floor or quiet side of the wall. . .
N * ~ ‘ B -
Y i ) )
1/4"Qp Filled With : \
Resilient Caulk » Non-setting
. Adhesive
’ . . Existing Wall
\ .
i L]
V7
.
//// ‘
. \\\\:¥\ Temporar ¢ R
. v Nails - o -
oo 1/8” Gap Filled With /2" Thick *
‘ o Resilient Caulk (’@ Gypsum - )
~»  Wallboard
« . . . ’ N . -:
N . 4 . s
: Fig.4-13..IMPROVING THE SOUND_INSULATION OF AN EXISTING WALL
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As we recognize from daily experience, ‘ Many walls’, especially party walls

th sound transmission loss differs for separating apartment units, are particularly .
. sounds of  various frequencies. Tﬁf‘\ vulnerable to noise leakage. ‘The .,
. low-frequency sounds of* a “passing truck , installatipn  of  back-to-back electrical
travel through a wall structure much more outlets, medicine cabinets, and master ™ °
readily than do the high-frequency sounds outlets are common causes of nolse leakage.,
generated by chirping birds. In order to Openings around pipe penetrations and 'duct’
cope with this ¥ariation in a practical way, ° work are also causes Of noise leakage.
a frequency-weighted single number rating, Cracks at, the ceiling and floor edges of
called the sound transmission class (STC) walls caused either by settlement or poor
.was developed. The STC rating of a building construction allow the transmission of noisd
structure is derived in a.prescribed manner “fronﬁﬁge space to another. '
from the sound transmission loss yalues : X
measured in sixteen frequency bands spaced The sound insulation of many such walls’
between 125 and 4000 Hz. The higher the SIC can be improved simply by eliminating’ the
rating of a partition, the greater is its noise leaks and flanking paths.
effectiveness as a sound insulator. Table ¢
4~1 shows the performance of various wall ) (a) Sealing holes and cracks: (see
Structures with different STC ratings « Fig. '4-14)
described in terms of their approximate .
effegtiﬁeness against intruding speech. . . All holes or openipgs around
: , plumbing fixtures, piping and’
Due to conventional building materials drain pipes should be enlarged
. and construction, most interior walls within slightly to provide a clearance
a typical home or apartment would have STC around . the pipe. The opening
ratings between 30 and 35, The first five should then be filled with a fiber
entries in the bibliography at the end of 'glass . packing and sealed
this Guide contain architectural < completely with a resilient caulk.
illustrations of various wall and floor . This same treatment should be used
structures covering a wide range of STC . in openings around ducts, gf1113§\‘ S
- ratings. . ' and electrical outlets. ,
N TABLE 4-1 ) :

SOUND TRANSMISSION- CLASS (STC) FOR VARIOUS WALL STRUCTURES

’

o Bam P IO O BRIAL HPHWD B 3r W v FHIW RIR RIS VIDAPBTIRAD F W I Vs WISV Y P AT TR T e mmmns = oy

STC
Rating Privacy Afforded . Wall Structure
25 Normal speech easily 1/4" wood panels nailed on each side of 2x4 studs
> understood ) - ) oL
30 Normal speech audible 3/8" gypsum wallboard nailed to one side “of 2x4_studs
but not 1nte111g1b1e . AR
35 Loud speech audible 5/8'" gypsum waliboard nailed to both sides of 2x4 studs *
and fairly . s .
. understandable :
40 Loud speech audible " Two layers of 5/8" gypsum wallboard nailed to both -
* : not intelligible sides of 2x4 studs )
45 Loud speech barely ., Two sets of 2x3 studs staggered 8" on centers fastened
*audible \ to 2x4 base and.head plates with two layers of 5/8" -
LT \ -- gypsum wallboard nailed on the outer edge of each.set
. ‘ ) of studs > - .
50 Shouting barely ’ 2x4 wood styds with resilfent channels nailed
audible . A horizontally to both sides with 5/8" gypsum wallboard
. R : - screwed to channels on each side .
55 . Shouting not audible 3-5/8" metal studs with 3" layer of glass fiber blanket
. stapled between studs. Two layer's of 5/8" gypsum wall-\
board attached to éach side of studs.
61
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1. Caulk ™ 3. Glass Fiber Packing 5. Wall 7. Floor 2
' 4+ 2. Lead Wrap - 4. Electrical Outlets 6. Cething 8. Pipe
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Fig. 4-14. SEALING COMMON NOISE LEAKS IN EXISTING WALLS
] Q ) - ’ . N -
‘ e, ! T ~ .

H v Settlement cracks at the ceilin® . pack -glass, ~ fiber wadding around .
; ) edge of a wall should be sealed your neighbor's outlet, and insert .
‘ ] with a resilient caulk, preferably a 1/16~inch (L mm) thick sheet of

; applied , under pressure with a . lead to form an airtight barrier
</ o, caulking gun. Cracks at the floor » 'wall. Reinstall your outlet box,
edge of the wall_should be handled £i11 the remaining voids with the
in the same manner, although it glags fiber  and caulk alhd replace
might require removing the toe. the -cover [@ate. .
. molding and base boards to do a . ' ‘ .
; thorough job. . . o y 1f the party wall is of wood stud
T . construction, you may be able to
(b) Sealing leaks 'behind back-to-back ’ | rewire and “install youy outlet in
*  outlets and cabifets: (see Fig. .. the adjoindng stud -space. ¥ill
_ “ 4-15) ) the voids around both ouflets with e
- f R , the glass fiber wadding and seal .
If you hear your neighbor's noise . the former opening with a piece of
coming through an electrical wallboard. .
outlet, remove th.e cover plate and . - IS
examine the opening. If ° Noise transmiSsion through *
necessary, remove your outlet box, recessed medicine cabinets can b¥
~ - M. 4 . .
s 62 .. . ~ . o .7
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AVOID RECESSED BACK-T0-BACK MOUNTING
OF CABINETS N PARTY WALLS

DISCOURAGE PLACEMENT OF T SETS
AGAINST PARTY WALLS BY PROVIDING
“ TV ANTEN QUTLETS N NON-PARTY WALLS

AVO1) RECES SED BACK-TO-BACK
. MOUNMING OF ELECTRICAL QUTLETS

< .
N

\\\\\~\\\\\\\\~\~\\~\\\\\\~\\\\\\\\~\\\\\\\~

STAGGER OR SURFACE
MOUNT CABINETS

A B T A IR AN AN YW
RO PO LOIL OO PPOPOO OISO LSO ISIIIIOOCI OIS IOD SOOI OO Se.

<¢
{——3 21 Mmﬁ

LD AL 002
EEECESERY

vrar eV
| SRR,

SWITCHOR [L[CTRICALOUTLU.‘

) USE QUIET TYPE LIGHT SWITCHES

THROUGHOUT APTS, PARTICULARLY | °
IN PARTY WALLS.

Fig. 4-15. PROPER INSTALLATION OF CABIRIETS AND ELECTRICAL OUTLETS IN WALLS -
< - .

! handled, in a wimilar manner .
However, if space permits, you may

between the twq cabinets. 1In this
case Yyou should caulk the
. perimeter edges of the intervening
barrier before installing “yomr
. cabingt. :
Eliminating flanking paths: (see
Fig. 4-16) ]
chief flanking paths in homes
apartment buildings are
ceiling plenums, attic
spaces, basement areas and crawl
) spaces which span freely across
dwelling , units or adjacent xooms.
Such areas should be completely
subdivided with  full Reight
partitions or barriers 1installed
directly above and below the party
. walls separating the' dwelling
units or rooms in question.

The
. and in
open

If the above recommendations< fail to
improve the sSound insulation of the party
wall sufficieptly, then modifications to the

’,

Q
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" moderate degree

2 be.able. 59, NS A BYRSUM... DOBTH oo nBRAULEEs S AMINALE, o Bk { A
or a‘sheet of plywood as a barrier

-

Where only a
insulation is

existing wall must be made.
of Sound

layer of gypsum wallboard preferably to both
sides of the existlng wall with a resilient
non-setting adhesive, as illugtrated in Fig.

4-13. In additiom, provide a I/4" “(6 mm)
clearance along the perimeter edges of the
wallboard and . fill the space with a

nqn-setting caulk compound.

. A much higher degree of privacy woild
require the attachment of a wall of special

design to the existing wall. The new wall,
as showrt in Fig 4 17, would be gconstructed
as follows. . ’ ,

(a) Fasten *wood urring members,
spaced 16" (40" cm) on centers
vertically, to the existing wall.

(b) Nail resilient metal channels
perpendicularly to the. furring
member&; channels should be spaced

24" (60 cm) apart. .

(¢) Fill the space between the
existing wall and ghe channels
with a glass fiber blardket. _
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-
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PARTITION WALLS 8TWN
APTS SHOULD EXTEND
FROM FLOOR SLAB 10 -
CEILING SLAB

o prd

EXTEND WAL 10 ROOF
OR DIVIDE ATTIC SPACE
WITH FULL-HEIGHT BARRIER

CEILING

PARTITION .
FLOOR-CEILING WALL .

ASSEMBLY

SRR 9 W

RGeS e

DIVIOE CRAWL SPACE
OR BASEMENT AREA

CRAWL SPACE
OR BASEMENT

- N - .
Fig. 4-16. METHODS OF CONTROLLING FLANKING SOUND TRANSMISSION PATHS
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. -~ Wood
' .ot Furring

1S 248

. N R N = \ :
- '. " 1/2" Gypsu%&#§ A Kﬁ | \ o .

L e—Cautk In
Qorners

N A

Wallboard , Caulk i ,
‘ N . S ,
> Sound Absorptive }; :
Material - .
- Caulk
Fig. 417 METHOD OF OBTAINING A SUBSTANTIAL INCREASE IN SOUND INSULATION FROM AN @ ! N

. EXISTING WALL' . . / 2

- v AP (
- ANy - ) . .

(¢) Attach 1/2" (13 mm) thick gyfsup If both footstep and conversational or

s srem s WAL L DO g £Q ok D MEEB L LRARNCLS s o LY. DRISC. SEOM.. Lhe room above annoy you,
with self-tapping screws. . . fmodifications to the/ex1st1ng “eeiling Tmust T
‘ , g ° - : be made to remedy the problema ‘A gypsum
. (e) Provide a 1/4" (6 'mm) clearance board ceiling = supported on resilient
N . +around the perimeter edge of the ‘ channels should be attached.to the existing
. wallboard to avoid restraining ceiling. This second ceiling, which 1s
*  contact witn adjcining surfaces of 111ustrated in “Fig. 4-18 =would be ,
’ the room; £ill the clearance gap, * constructed as_follows: )
with a resilfent non-setting "
i . caulk. . N - \ C -
v ) 7 ' (a) Attach wood furring members, ,
IMPROVING: THE  SOUND . INSULATION _ OF spaced 16" (40 cm) on centers to
. FLOOR-CEILING CONSTRUCTIONS . . the existing ceiling. K
N N ’
A floor-ceiling Construction separating - (b) WNail resilient metal chanmnels
two rooms or apartment units will provide . perpendicularly to the furring
-ddequate sound insulation or privacy, if it . members; channels should be spaced
cah reduce the. intrusion of conversational N 24" (60 cm) apart. - .
" or TV ‘sound and footstep or impact n01se to ;
non-disturbing levels. . (c) Fill space-between the exigting -
, N ‘\ ceiling and the channels with a
v T¥ you - are ' distugbed by the ) glass fiber blanket.
transmission of only footstep or impact '
. noise from the room above, the.installation “(d) Gypsum wallboar , -1/2" (13 mm) - .
' of a.soft thick carpet, preferably on a felt thick  should St fastened with .
r ‘foam rubber pad on the floor above will M self-tapping strews to the .
eliminate the pxoblem in most cases. . resilient channels.

\ - S ) 65
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Pad
Carpet

o~

Resilient metal channels

Existing floor-ceiling structure ’ \

o

1

5
6.

7.

Wood furring
Glass fibe_r pad .
Gypsum ceiling board ,

4 I3

Fig. 4-18. METHOD OF INCREASING THE AIRBORNE AND IMPACT SOUND INSULATION

OF AN EXISTING FLOOR-CEILING STRUCTURE :

(e) Provide a 1/4" (6 mm) clearance
around the perimeter edge of the
wallboard ceiling to avoid contact
with the walls, and fill the "’ gap
with a resilient, non-setting
caulk. -

’
This" ceiling assembly should not only
eliminate thg airborne noise transmission,
but should make 2 substantial reduction in
the footstep " noise level. However, 1f
additional reduction in footstep noise is

desired, then a carpet and pad placed on the
floor above will solve the problem.

CONTRQE™OF FLOOR SQUEAKING (See Fig. 4-19)

o r

Squeaking floors cause
irritation because they generally produce
high-pitched noises to which the person with
average hearing is highly sensitive.
Although the squeaking floor problem is more
commonly found in - .homes of . wood frame
construction, it. occurs quite often in
‘apartment buildings with concrete £loors
surfaced with wood block or strip flooring.

Causes of Floor Squeaking:
<

_ In general, floor squeaks are caused by
the rubbing or sliding of sections of
finished flooring over the subfloor.
Movement between adjoining wood blocks,

‘o«

considerable

strips
finish
problem -
workmansh
or poor s

~J
ey

(a)

r sections of both sub-flooring and.

loor also cause squeaking. This
ly 1is the result of faulty
» the use of defective materials

uctural design, such as:

poar naijing: ~The most frequent

cau§e of floor squeaking is the
failyre to nail the sub and finish

flooring 'matérials tightly and
securel} together and to~ the
support Jjoists or structural

failure results from
undersize or improper
sively wide spacing of

and- faulty nailiﬁg
practices in‘general.

defective ma;:>ials: = Another
cause of floor Yqueaking is the
use of “warped oX - twisted floor
joists, buckled or\ bowed ,subfloor
sheathing, or wood\Bfock or strip

is

flooring _with deféctyve  tongues
and grooves.
magterials- -are fastened
air-pockets or .gaps fo
them resulting in poor
This allows thé materials, t

gether,
‘between

move or defleot causing\| the
squeaking under foot. ,
“

.

When 1layers of such*
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. 1. Toe-nail with ring nalls 5. Insert cross brace
2. Apply mineral oil in grooves 6. Insert additional joist
3. Tighten wood sérews 7... Butt long straight board against
4. Drill clearance hole for screw subfloor and nail to joist '

~

Fig. 4-19.. cAusss'AND REMEDIES FOR SQUEAKING FLOORS
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The installation of dry' flooring ' (d) Insert building. paper or "felk
in damp areas often results in ' « between finish and subfloor layers
squeaking floors becauseé the 7 to eliminate rubbing -or sliding
. absorption of moisture by the ® contact., ' ) ~
flooring causes it, to swell' or )
buckle, especially if no (e)- Bmploy. good nailing techniques,
J> allowances were made for with emphasis on proper spacing
expansion.’ ‘ and angle. <~ ‘ T
(c) poor structural degign: Alfough Ways to Remedy Existing Problems:  —_
; a floor Joist system may, be ° ’
adequately designed in terms of If you have floors that squeak, the
structural and load requirements, ° following recommendations should help you

it may deflect sufficiently under ,
« .foot traffic to permit movement of

LR A v 7ext Provided by ERIC
~
e

-

correct the problem.

4

*

of flooring prior to installation.

. the ' surface flooring; this (a) To locate the problem, ‘have
generally occurs when efther the someone walk oveg the squeaking
depth-of the joist is too? shallow portion of the * floor while. you
or tke spacing between joists is examine the surfa;e _closely., If
too wide for a given floor span. you hold a flashlight so that its

beam grazes the floof/surface, it
(d)‘“ﬁ%sence of a gsheathing layer: For . is quite easy to see the motion.
- reasons of economy, builders no . .
‘longer adMere to the long-standing (b) 1If you see no motion on wood block
. practice of inserting a 1layer of » or strip flooring, the squeaking
*building * paper between the may be due to slippage,between the
sub-flooring and _ the finish , tongues and  grooves. Apply
flooring. This omissioh is common ‘ nmineral oil sparingly at the seams
in current floor construction éﬁd between adjacent floorboards to
makes floor squeaking caused by ) lobricate the tongues and grooves
rubbing and ~“sliding . contact where the slippage 1s taking
between the floor surfaces’a much place. ~.
L more serious problem in modern . A
housing. (¢) Looseyor bowed finish flooring may
. ' ! be securely fastened to sub-
Methods of Avoiding Floor Squeaking in . flooring by surface nailing -with
o New CONSTIUCLION:  « serpound mos saoms o U o & |- R4 T- W} JIE-T-3 o - 15 W0 EE N EHE £V 2- N
s ‘the subfloor and preferably the,
, The problem of floor squeaking can be = Joists. Recess the nail heads and
' avoided by using properly designed floor £i11 the hole with a wood sealer®
structures, good qualit} materials, and that matches the floor ¢olor. If
- proper installation techniques. With regard th& nails tend to split the
. . to floors consisting of wood blocks laid in flooring, predrilling a very-fine
; mésg&c over wood or concrete subfloors, the hole through the finish floor
%i? manufacturer's instructions should be N before nailing will eliminate the
followed closely relative to the preparation problem.
or priming of the subfloor, application of A ’
the mastic and the 1laying of the wood (d) 1If the flodr joists are exposed,
blocks. - . ‘and the finish flooring: is warped,
. you can drill= clearance holes
In general, floor squeakinggcan be through .the subfloor and drive
minimized by observing the ollowing wood screws through the holes into
.»  construction techniques. ' the finish floor. The screws will
. - . : . . draw the” two layers {\flcor;ng
) ' (ai} Use straight, true,  properly tightly together .a - i '
. seasoned flooring materials and © .
joists. (e)- In places where the joists are
N . - warped or bowed, gaps will occur -
, () Build a figiq well-constructed and ° J % betweei the subflooring and the
O properly supported floor system. " joists. Inserting yedges or
. - shimming material tightly in the
(¢) Maintain proper moisture content . gap wusually will remedy the

problem. + If the gap is very long,
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As
- problem
using a

of stair squeaking can be avoided

qualitxn building materials,
A Y

| .

3" x 4" Wrace pressed up against
the subfleoor and nailed securely
to the wax\gsd joist will provide

adequate support.

Excessive deflection of thev
structural floor due to
lightweight or widely spaced

joists - may be corrected by the

insertion of* a few extra joists,
if the 'under surface of the floor
is exposed. However, if there is
a finished ceiling below the
floor, cross— beaming with support
colymns may be the mdst expedient
corrective measure.

CONTROL OF STAIR SQUEAKING (See Fig. 4-20)
- Ld ‘ .

in- the case of floor squeaking, the
by
structure, good
and proper

properly designed

/

construction

notice,

will
the

techniques.
causes and

As you

the remedies of

problem also are similar to those associated

* with the problem of floor-squeaking.
s

»

Stair sq'n.;eaking may be caused by:

(a) Tofse or warped treads (the- flat
herizontal steps), .or
._(b) the binding and ;;bb‘ing of the
treads against the top .or bottom
edges of the risers (the upright
or vertical boards). - .
Renedies: -
(a) If the treads are_—loose, they

should be nailed securely to’ the
center and side stringers (the

saw-tooth framework that supports

th¥ staircase).

4
8 7 N
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1. Tread
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7. Wood screws
2. Ruser , - 8. insert thin wooden
3.~ Stringer wedges
4, Toe:nail with ring 9. Apply mineral osl
natls. at joints
'5., Warped treads : 10. J4nsert wooden braces
6{ Provide clearance holes 11 Reinforce with metal hracket

F

- -
Fig. 420. TECHNIQUES FOR THE CONTROL OF STA-IRQOUEAKIN(!>

.. f R

oy b

(.1



“

~

-

ERIC

Aruitoxt provided by Eic:

AT SRS A

S (b) If
inserting wedges between the tread

the treads are warped,

and stringer
eliminate the

usually will
rocking motion of
the tread when it is stepped on.
Drilling clearance holes through
the . treads, where they are
supported by the stringer, and
driving long wood screws through
the holes into the stringers will
«pull a warped tread down tightly
onto the stringer. : T
(c) Lubricating the top and bottom
edges c¢f the risers with mineral
0il or silicone spray often will
remedy the squeaking problem.

Sometimes nailing the front edge
of the tread to thé riger or
inserting thin wedges at the
bottom of the riser will correct
the squeaking problem.

(d)

(e) If the back of the
accessible, the back edges of the
treads may be nailed to theo
risers. Additional bracing also
may be provided by fittx@g a 2" «x
4" brace between the stringers,
pressing it up against the bottom
edge of a riser and nailing it
securely to thf stringers. '

_ )

VENTILATING

stairs 1is’

OF HEATIhG
AIR#CONDITIONIVG YSTEM NOISE
(In Basement, Attic and Central Closet

Installations) . . )

CONTROL  __AND

The noise problem associated with
heating, ventilating and air- conditioning
systems is due primarily to the -urrent
trend _of 1installipg, in  homes ° and
aparfments, small compact units driven®by
noisy high-speed, motor-coupled blowers.
The large return grilles, which usually are
coupled with short unlined ducts to the
blower intake port and the open corridors
that serve as centralized air-return ducts,
aggravate the problem. -

The problem reaches gerious proportions
whens for economic reasons, such units are
installed in a closet centrally located in a
house or an apartment. The typical closet
provides virtual¥ no sound attenuation
because of 1its- light-frame construction,
louvered door, and large return grille.

Thus thg' noise escapes with und1min1{¥&g
{ntensity and, spreQJ; throughout the hpmeé
apartment, .

> . .

6

)

»
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- Occasionally, a  slipping fan Belt
A will

~/

Homeowners and tenants ' alike often
complain that their sleep 1s. seriously
disturbed throughout the night because of
the noisy equipment. The noise also 1is a

constant source of dirritation and annoyance

-to them even during their leisure hours.
However,.they have no choice but to tolerate
the noise or else suf?er the discomfort of a
poorly heated or air-conditioned dwelling,
if -they turn off the equipment.

g

v

Causes of the Noise ~

. -
Qutdoors

- . e

(a) Compressor: - The noisiest
component of most air conditioning
systems is the compressor
assembly, It consists of a

compresser, motor and fan encased
in a metal cabinet that is usual}y
installed outside of the dwelling.

As a consequence, it' frequently
o . disturbs the neighbors more than
- the home' owner, espgclally if the
'_--:> neighbors sleep in bedrooms with
open windows ®hat overlook the
compressor unit,
' : . /
(b) The most objectionable noise 1is
the cyclic operation of the
compressor, in particular the

. low-pitched starting groan of the
motor. Blade-frequency noise of
the fan and high-pitched flow

noise add to the annoyance.

high«pitched
unit,

produce a
- screech, especially as the
starts up. .

~ 4
The reflettion of the sound waves
between .the walls of_  adjacent
houses builds up the noise level.

. .

(c)

Indoors . .

v

(a) typical

Motor and Blowerl( a
igh-speed motor

installation, the

and blower, which generally are
coupled together, are the main
sources of noise. The mechanical
noises of bearings, bBrushes and
switches and the siren-like
"blade-frequency" noise of the
blower are transmitted throughout

the dwelling both by air through
the duct passages and by vibration

of the ductwork and supporting
walls or floor structures. <The
. "blade frequency”. noise of the
blower  may bg determined ‘by
. 7 .
. } 2
7o
. , ‘




o

multiplying d1ts speed (number

.

" areas and selects quiet heating and air

of
R revolutions per minute), by the conditioning equipment. Equipment should be
- snumber of blower blades and selected on the basis of low noise output.
’ dividing the product by 0. The more progressive manufasturers.provide
. L.t oo sound power ratings of most types and sizes
‘ (b) Noise Resulting from Air Flow and of equipment thfy market. Such ratings,
~ Turbulence: Ventilation systems which frequenglEEFontain sound power levels
using - - Righ-speed blowers  are _  4in various frequéncy bands under different
characterized by high air-flow load conditions, are useful for acoustical
L velocities. High velocity air «désign purposes. A few salient points,worth ~
-t X . flowing past obstacles in the duct _remembgiing,are: )
air stream (sharp corners, raggéd : : . )
. joints, dampers and grilles) : (1) It 7is less expensive to install
. generates a cofisiderable amount of . ' quiet equipment than to reduce the
. turbulence. However, the highly’ noise output of a cheaper unit by
turbulent air flow that wjsually costly acoustical treatment or
occurs =at the discharge port of construction. ) e
’ . the blower is the predominant: o
. R cause of .duct vibration in most = (2) Centrifugal or squirrel-cage fans
. ventilation systems. are less noisy than vaneaxial .
‘ propeller fans, all other factors :
(¢) Rigid Mounting of the Equipment: . being equal.
In most installations, the heating i
and air-conditioning equipment is (3) For a given air flow capacity,
mounted directly on the floor with *  large-diameter, slow-speed, belt- 0’
all ducts coupled directly to wall driven blowers are substantially :
.and floor structures. As a R less noisy than small-diameter, -
+ consequence, the wall and floor * high-speed motor-coupled blowers.
structures are set into vibration .

. and radiate the noise with (4) Basement " or slab-on-grade\‘\~/
incseased intensity throughout.the . locations, far removed from living
dwelling. - quarters,~ are preferred for the '

' Coe typical '~ ‘heating and cooling
O (d) Central Air Return Duct: The equipment installations. Attic
, installation of the central return’ locations should be avoided.
duct of 2 typical home size unit v
, has....two..serious. . . shortcomings. ). Eor. . purposes . of  noise control, = . .

. The return duct usually is coupled install equipment that is designed *
to the blower by & short- lengths to meet the building's heatinggand
X . unlined duct with a relatively cooling requirements, instead " of
. arge cross-sectional area. As a installing smaller units which

"h -~ result, the grille end of the dulft - must labor continuously at maximum

rddiates the noise from the speed in ‘order to. meet the
v motor-blower and air turbulence build%ng's minimal demands. -
with undiminished _ intensity. . .
) Since , there often are pno air Although the above advice may be useful
‘ return ducts in individual rooms, to the . potential homebuilder, it
entrance doors are undercut unfortunately offers no cdnfort to the
approximately 1 inch (2.5 cm) at tenants who have a noisy heating and
" the bottem to provide passage of . air-conditioning system in QH‘;r home or
the return air and thus ‘complgte apartment. . .
the circulation. Unfortunately, . -.
' the large air.gaps -under the doors :If you have a noisy heating and
.aré&extremely efficient flanking ventilation system, check’ the following
. noise paths which allow the noise _possible causes of the noise and respective
- , -to intrude into bedroom or other “remedies. 2
- rooms  where " privacy }S - most . -
~ desired. L, o Remedies: (see Fig. 4-21) .
. .. : . Compressor:. Y -
If you are planning to " b a home, . .
insist that the builder install h supply ° (a) If _necessary, relocate .the
‘and return ducts in al}'bedroo study compressor as far as possible
4
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Vibration

f
l’x‘kﬂue )

/ Heavy Wall Housing

Fuznace A/O v
Air Conditroner

Vibration Isolators

X “N\\l‘:‘{\‘nb \:'h\L}v\ V5N

4 ATTIC INSTALLATION

Acoustic
Lining

Fiexible
Connectors

2 Layers Plywood,
Jaints Staggered

2 Layers Gypsum 80,
or Gypsum Lath t
and Plaster

Resilient Haggers — e

Supply Quct = ¢

— Return Ouct

Steeves .

Mounts ™™
- BASEMENT INSTALLATION
Fig. 4-21. TE{:HNIQUES FOR THE CONTROL OF NOISE FROM EXIS'I:Ii\lG ATTIC OR BASEMENT
II\:ISTALLATIONS OF FURNACES AND AIR-CONDITIOI\!IN/G_QN{I'S -
- T \T\N\__///,
from the bedroom areas  of (d)

your, house and -those of your

Q

ERIC

Aruitoxt provided by Eic:

> ey P>

€

b) nstall
rasilient mounts,

c)

Lubricate the bearings of the
cooling fan, clean the blades

neighbor's house as welil”” "An
ideal location for the
installation of compressors
would be 1in the area between
face-to-face kitchens of
adjacent houses, especially
if they are of rambler-type
or one story construction.

the compressor on

preferably

on a flat, level concrete
slab that is at least 1 foot .

(30 cm) away from the

exterior wall of the house.
Install rubber sleeves or
collars around all piping,
refrigerant lines . and
conduits at points of support
or penetration through the
exterior wall of the house,
to prevent the transmission
of compressor vibration to
the building structure.

T2

<

B

e

(e)

(£)

)

and balance the unit. You
can balance the fan simply biFe
spinning it by hand and
marking the bottom blade when
it-stops. If the samg blade
stops at the bottom following

two or three spins, attach
strips of adhesive tape to
the opposite blade urtil
balance is resFored.

Reduée blower speéd, if
possible and clean
protective screen to ensure
adequate air flow. 'Tighten
and align fan belts and ™

pulleys

Tighten loose ﬁ@t&?or panels
to prevent ract}ing or

vibrational resonance.

)
Install sound barriers or
partial enclosures around the
compressor to shield or
P
t'v ~
» /
. .
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.
direct the noise -away from
Ybedroom or other neise

sensitive areas.

Motor and Blower:-
»
Lubricate or oil bearings.

> (@)

balance the unit as described
in jitem (d) above.

-
kf blower 1is belt d;iven,
replacg worn or frayed'belts,
adjust tension on belt to
prevent belt rYesonance oOr
"drumming" and check pulley
alignment.
P d
Mount motor' and blower
resilient isolators,
possible. ’

(c)

-

on
if

(d)

1f possible,
rotational
blower.
décrease

(e) reduce the
speed of the
A 257% reduction may
the total noise
output as much as 8 dB.
However, consult with a
professional heating , and ~
air-conditioning engineer for
proper advice and
instructions, especially 1if
rewiring’ of motor connections

is required. .

(£}~ Instatl-acoustical-duct Tt : >~ was s v mazn om0y -£he: inside of

< on the 1interior surfaces of
the motor-~blower enclosure.

(b). Clean _blower. . blades. _and. .-

- f

(b) Insert flexible - canvas or
plastic connectors at - the
blower end of ‘both the supply

. -7 ) kand return ductsh

Theyabove measures should the
noise output significantly.

reduce

¢

Central Retyrn At Dy

. -
(a) All interior surfacés of the
retutn air duct should be
. treated with acoustical duct
o lining, or
(b) the duct' Should- be -fitted

with a suitable™prefabricated

silencer.
F'd

Construction of Central Closet: (see
, a

Fig. 4-22) o

£

with a solid core d?gg
equipped with a perimeter ,
rubber gasket and a threshold

,drop closure.

Caution: The door. louvers
provided the vehtilation ‘of$
the closet for proper heating
and  combustion. LIt s
.necessary that * the
ventilation be maintained by
other means. <See next item.

(b) 1If the wall studs are &xposed
the closet,

B

build or 1nsta1L an acoust-
ically 1lined gair* transfer
grille . betweer® the studding,

.

¢

’ .
(a) Replace the 1louvered door (\\\V

as illu®trated 4m Fig. 4-12,
Mounting of Equipment: - ) to preserve the required .
. e venti¥ation and noise
(a) Place yjbration isolators “ isolation.»
under both the motor-blower L —
and the heating and- . (¢) Nail _ resilient ” channels
air-conditioning equipment. . sfiorizontally to the studding; )
SN Sufficient isolation may be space channels 24" (60 “cm)
obtained by mounting all the ¢ apart; fill space between the
_equipment on a 5/8" (16 mm) chapnels and -the backwall
thick plywood base Testing oh with glass fibep blanket;
- a5/8" (16 mm) thick pad of tsach ¥+ " (137 mm) thick
(glass fiber. . gypsum wallboard fo the
y . . . channels yith self tapping
~ A 2-1/2" (6 cm) square, 5/8" * screws. * . C-
(16 “mm) "thick pad of ribbed ) ‘
rubber or neoprene covered (d) 1Install a “beiling of
with a hardboard or metal ’ constyuction'similar to item -
plate placed under each_ } 3 {¢) in the clasef.
- corner gf the equipmeht would . ( K e Tl
- ¢ also provide adequate ,/’ (e) Apply agoustical tile to both
) ‘isolation. , ceiling and wall surfaces in
) - . L1300, . '
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- LIVING ROOM BEDROOM LVINGROOM  * | BEOROOM T LIVING ROOM BEOROOMS

s : = = —
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DINING ROOM KITCHEN DINING'ROOM  KITCHEN
R —“‘*—_‘ " N

.

BALCONY

©

pa

» ~a

~ CE|L|NG

USE CAVITY BETWEEN
STUDS AS A LINED
HALL AREA RETURN DUCT:

SGRILLE . DOUBLE OR STAGGERED
f STUD WALL

KITCHEN AREA riLe !

< ///ﬁ<//<,'
.

RUBBER
GASKET

AR

CLOSET INSTALLATION CLOSET

2 XS0l SEANET S

i 4
| %Tﬂo?“on ’URN:C‘ FURNACE ACOU%‘LIC
| A LININ
| AC UNIT STAGGERED STUD WALL

OR MASONRY WALL

. SOLIDYCORE DOOR I ’
MTG. PLATF )
VIBRAT G - .
s i me s nmn n s R EGOMMENDED-DESI GN-OF-GLOSET. AND INSTALLATIBN-OF FURNACEUNIT s »fmns s risrs s s s
N .- - . & - : -
. Fig. 4-22. TECHNIQUES FOR THE CONTROL OF NOISE FROM CLOSET- INSTALLED FURNACE
AND AIR-CONDITIONING UNITS . . ‘ o
v ’ N ’ T \ L 1
_ . . e & A
‘ ’ LN, ! . ’ B ' N -
the clo%g "to reduce noise creaking and snapping noise . due to the
. , ’ buildup. . -t expansion and contraction of metal parts are

- s , - easily transmitted through the ducts to all
CONTROL OF DUCT NOISE: (see Figs. 4~23 and areas of the house. N - ) ,
4-24) * . i : .

‘ If any of these noises are a source of
Because metal ducts are extremely  annoyance, you can reduce the level of noise
efficient transmission paths of airbgrpe “output substantially by installing sound .

7 noise and vibratiqp, considerable attention absorbing lining material or a prefabricated
must be given ‘to the proper design, sélencer in the ductwork. ,Such treatment is :
construction and installation of duct most effective:when it 1is installed in both

, networks. ~ supply” and return branch ducts serving the
. ' individual rooms, and preferably near the 1
. R E\gpment Noise open or grille end of the duct. . The
’ . ¢ installation of a ten-foot .length of duct
Airborne \neises such as motor hum, liner, as measured from the grille or.
. blower-blade noJse, bearing or pulley noise, - _diffuser); may reduce the loudness of the
. furndce, fgnitidps flame noige, .and the T noise as much as 50% or 10'dB.
.t ;{3 " L
o I ! .
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FERIC = = . -
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Duct Joist Reoust °
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a No Lming =] A
> Isalation «
. . 7 e
Support Bracket’. R ’ Support Bracket N
e~ S, o ey e a—
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e ’ " Sheet Metal
Bracket Screws Screw |« Support '
. ' Bracket
> [ 8
kd (
Acoustic .
Lining '
) )
Duect !
N Ftexing
1] . . - N . - a’ N . .
Fig. 4 23. METHODS OF<REDUCING NOISE DUE TO AIR FLOW Af_\lD_VIBRATION IN DUCT SYSTEMS L
' . . . ¢ 5
M : * ° ‘ ’ [y ) PR
Cross Talk to ‘another mady'alsb occur by whn/of openings i
. Ny . <0 ? ,and  holes around poorly sealed  duct o
Metal ducts act like speaking tubes on "penetrations thro‘ugh., wall | and-. floor. A
~ « a ship. Noise fron one room may be carrigd structures. LT, o
- to another room through an unlined duct . ' i
serving both rooms.- For example, the ‘Such noise tra#smission paths by-pass T
) problem’ of "Cross Talk" freqwently occurs in the sound ' insulating effectiveness.of the i
=a ¢common retuyrn duct serving back-to-back’ interveniag party walls and floor =«
bathroom installations, or in commdn ducts stryctures. . .
in which &he grille openings serving : st ‘. , ! . .,
separate rooms of apartment -~units are too Noise tramsmitted through ducts, pipe
. closely spaced. Such problems also arise in chakes, electrical ,channels, or other .o
egpo‘ed,, thifi>wall main ducts which span ‘passages can be, reduced effectively by . ’
across adjacent apartment units, even though ;iy)ng the inside surfaces of _such
such ducts. might not have amy grille passageways with:sound absorbing materials. .
openings. . Household noises may ‘penetrate In typical duct: installZtions, , it is.
the thin walls of the ducts in one poséible to obtain, noise reductions - for R
apartment, travel through the 'short duct high-pitched sounds " the order of 2 to 3 |
passage through th® party wall and emerge dB per linear ',fo%g for 1" 4(2.5 c&) thick --
. from the thin-wall duct in the adjoining acoustical 1'ining. {In metric ynits, the
apartment. Noise trarssmission frow one rqom reduction’ is about l(g‘d,B/ml for an acoustical
, v , A . .
l ©e o T5 : . \
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Fig. 4-24, METHODS OF CONTROLLING CROSS TALK AND THE TRANSMIS&ON OF FLANKING NOISE IN DUCTS
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? .M

cm thick.) A comparjgble cjfegree

of "noise reduction for the low-pitched
seynds 1s considerably more difficult to

athiéve because it usually requires at least
a doubling of, the thickmess and/or length of
acoustical treatment. WVarious types of duct
lin’ina and silencers are iltustrated in -Fig.
3416.4 | .

.

g‘re disturbed by noises Krom an
adjoining room or apartment that seem\to be
coming through a ventilation grille ox\ the
walls 6f the duct in your room, try ope or
more of the following remedies to alleviate
the problem.

(a)

If you

Line the intervening duct run with
acoustical material or install a
sound silencer, preferably at the
wall junction.’

. (b) Remove existiﬁg érille, seal .
-, opening, and reinstall grille in
the duct at a location as far as
« . possible from the party wall.
¢ ‘
.(¢) Seal all openings where ducts
. penetrage chrough the wall.,
(d) If the noise is coming through the
" duct wall enclose the duct in a
o bpx made of gypsum wallboard. /

Duct Noises -

1 .

The creaking and gnapping noises caused
by the expansion and contraction of ductwork
due to temperature yariation often are a
source of disturbance

[y

o +

«l
~ -~

Likewise the booming noise caused by

-

A . A ® - .




the ballooning and collapsing of thin-wall
* ductwork as the blower cycles on and off may
. be loud enough to interfere with a person's

.sleep. ' .

® 1If you are troubled by noisy ducts, the

following,measures may be useful in reducing

or gopttolling.the noise:

- (a) Support ducts'on resilient mounts~
or hangers® to prevent ,wall and
floor structures from amplifying
the noise. The resilient mounting

: will permit,’the ducts tp expand

and . contyact without ©binding

: against _/some; wall or filoor
construcgion. o7 :

. : /

(b) Wrap the  ductwork with two or
three layers of, building papet
which, will act as a’ vibration
damper. The paper may be taped in
place or held with' wire ties.
Thls ‘treatment will 'tend to
suppress any vibration -set up 'in
the duct walls and restrain ‘the
"ballooning" action of the.duct, by
adding some much needéd.mgss and
“bracing to the flimsy duc€ work. .

‘

Install 3/4'", (19 mm)
- glass-fiber board sound absorbing
lining on the,inside surfaces.” of
the ducts where ”ballooﬁlng
occurs. The glass-fiber ' board,
which is rigid enough tg’ support
. the duct walls, and to”agt as' a
vibration damper, will’also. absorb
. some of the noés generated
-within the duct iy tem. -,

4 N
(d) “ Using gbﬂet;gefgl screws, 1install
‘braces made” of metal bars or
folded rips _ Of sheet m@tal
acros3 fhe .largest ‘or widest
§sectio‘ﬂ/s of ductwork or at pl!
« * yherever "balloonlng oceurs. The

'é . braces wili provide adequate
T

?

Y

' ‘@upgort oE the duct walls.and thus
e /. Prevent this type of moxaon

“>Air Flow Noise . ‘ :¥

3

-, High velocity air flow generates noise
-/ not only within-the ducts but at the face of .
/// ;he outlet' grille or diffuser as well. The

intehsity of flow noise is strongly velocity

dependentﬂ - For a given duct area,
- decreasing” the flow velocity * 50% = may
decrease the oufput noise level _d4S much as

15 to 24 dB., - '

‘ £
® ° .
[ ~ . . . .

Air flow velocities.

»

éﬁ l& I
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' “expedient test to

/

thick -

(4.5 m) per second are quite acceptable for
most homes and apartments. However, to be
on the safe side, flow velocities in noise.
sensiEive areag should be lowered' to about -8~
or 9 feet (2.5-3 m) per second. - ////

expedient way of reduoiﬁg air
is tg decrease the rotational
blower, providing that it.does

The most
flow velocity
speed of the

not interfere with tne heating’ or cooling
efficiency of the system. i .
g
//I !
Grille Noise VAR .

\ .
Noises generatéé/;ithin induction units

oi' at the fageé of outlet grilles or .
diffusers ' give /rise to numerous complaints
from, tenants. The inténsity and ~

characteristics of such noise are dependent
upon the air flow velocity and the size and
‘design of the outlet units. For example,
high eloc1ty -air striking the face of an
outlet . grille often generates a high-pitch
whiétling noise. .. . . .

of

y; Removal

the, grille #s a simple
determine ' he cause of
If there is no appreciable reduction
in the noise output without the grillé; the
noise hay be due to furbulence %ithin thé-
discharge duct or some other source‘férther
back in the duct system. If there is a

marked reduction in the noise output without

poise.

Ey the grille, it »is ~evidedt that ‘the grille
was at,, fault and - therefore " should be’
replaced with one of better design, br the
air flaw_ .speed should be reduced if
practicable. :

" The following points are'  worth

about 15 feet o

remembering when choosing outlet grilles and
diffusers for quitet operation. - 0

. -
o
-~ o

- (a) Grilles or diffusers’'which radiate

.1ittle = noise’ aré made of |
heavy-gage ‘metal with
widely-spaced - streamline
defldctors! dévoid of . any sharp

corners- or edges. ' ¢

‘b) A loy~spread aiz/ dlffusef will
, generate substantially “less

noise
! than a la;ge spread unit, all
- mother factors being eqhal: -
. (¢) Grilles constructed of wire mesh

‘or
large openings are less noisy than
those with tightly 'woven or small

perforated metal facings with

" openings - which Testrict the air °
flow. - . .
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! 3 Furnageé::::ETion,Noise

-

. .

There are two tipes of noise/;ssociated
. with furnace combustion that sometimes cause
annoyance. They are the muffled explosion

noise when the gas or oil is ignited and the

very high-pitched whistling noise caused by
high-velotity gas flow throuygh <he fuel

e sl nozzle or burner jets. -

5
»

The most expedient waf‘ef dealing with
" this problem is to have a heating engineer

adjustethe fuel pressure or install nozzles

with proper openings for quiet operation.

If the furnace ogpration is still too
noisy following such - adjustments, the
installation of sound absorbing material in
the ductwork will reduce the noise to
| acceptable leyels.

Steam.Heac Noise

steam pipes and rad®tors may fresult from
) _water being “trapped in the es. This
frequently is caused by vapor 1lock,
partially open valves, or improper drainage
S ojpipes and radiators. °

‘ The hammering and knocking! noises 1in

.

. If you have noisy radiators, you may
¢ . alleyiate the problem by:
+ r . N P
. . o
(a) Opening all, valves completely t#
. allow trapped water in the system
to drain back to the boiler. N
. fo
. (b)s* Placing thin blocks or wedges
. under the. legs of the radiator
’ opposite the input end to increase
-~ ' the drafnage angle, and thus allow*
. -any trapped water to drain awvay .
- (c)‘vReplacing faulty pressure release
vaives

f - K
.

. (d) »

Inserting heat-resistant resilient
material around the pipes at
poinﬁs of support or pepetrations‘
. throdgh walls or floar- structure,
. to eliminate the rubbing céntact
and the. resulting noise caused by
0 L . the expansion and comtraction of
e the pipes.- s
. “ P . . y

1Y " Noise from Baseboard Heati;g Systems
I d 0

HomeoWers’ and apartment dwellers alike
frequently .cdhplain ' about the noisy
* operation of baseboard heating syStemss in
¥ . particular,the hot water heating system gnd'
. the electrical héating system. P .

-
kS
'“
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Hot Water. Baseboard Heaters

Causes of Noise .

) -
The noise produced by such heate¥s
generally is caused by: .

contraction of
components and

(a) the expansion. and
pipes, heater
housing,

——— - ‘

water flow and turbuience, and

()

(¢) pump and motor vibration.

Remedies

(a) Heaters and .associated piping

- geherally creak at joints, con-
pections and; points ¥f support or
contact with building structures
during -expansion and contraction
dlie to temperature variation.
When. the' “units are rigidly
connected to walls and floors,
these *. structures behave like
sounding ‘boards and amplify the
noiser Therefore, in order ‘to
minimize this problem,
heat—resistant resilient sleeves

_or collars ‘should be placed at all
pipe clamps, <supports
penetrations through wall and
floor stryctures. - + Similar
measures should be ~taken tao

" isclate the hea unfts from the
walls . and sre§};ors * using
heat- resistaqt resi 1_g§aispaeers

.and leg mounts. ‘\\

expansion and

contraction noise of the heater

_ assembly itself 1's somewhat more
difffcult to achieve. Sometimesh
attaching braces of folded.
sheet-metal strips /to the long
narrow  panels qf -thé heater
assembly - will suppress the noise
due to buckling and. opping o the

i panels auring the he Eing éyc{

Reducing the

Secureiy fasten&all loose | panels
and hardware -on the heater

. * assembly to suppress buzzing and
' rattlifg noises. ‘“

JIf  the Pipes
. high—pitched
indicatign

tend  to
tone, this
that . there

sing a
is, an
.is

A% high-<veldgity, turbulent flow in.
the Xzys);em, ‘which’ generally 1is

caused by using 4n oveysize, high-
. speed pump and undersize-piping.
. . P

P 7,
« o
- i

and *.
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-

problem

This
alleviated. by
rotational speed of
replacing it with a
model.

be
the

can best
decreasing

slow—-speed

.
~

Pumps = and drive motors should be
mounted on resilient ,pads to
prevent vibratidnhl excitation of
the floor. *

Flexible hose siﬁilar to auto
heater,or radfzz;r,hpses s#ould be
installed /in a- U-shaped
configuration between the pump and
pipe system to suppress the

transmission of pump’vibration to
the pipe system.

Installing-a* surge tagk in the
system at the discharge end of the
flexible hose will further
suppress vibrations from the pump
and dissipate pulsation fwom the
impel{er.'

- Electrical Baseboard Heaters

1 13

(a)

PR

(b)

y:li K
¢

- .

Causes of Noise

.. 4 the §t

- 1if a person is trying to sleep.

.
N .

The major source of noise is the
expansion 4and contraction of the
heater assembly' and component
parts and the amplification of the

. noise by wall and floor structures:

in diregt contact w1th the heating

system,

P .
Another source of annoyance is a
low frequency fesonance of the
heater assembly, which sounds like
the low-pitched huq of a

transfoymer. - ’

iﬁgtallations have individual
/gkpimostat controls 1in each room:
The Glicking ‘of a thermostat in
1 0f the nlghi\‘g
Ly irritatlng, partlcularly

{

extrem

Remedies °

To alleviate the noise Q
expansiom and contraction of,
heaqgr assembly,
.discussed above
heaters .\ .

for hot water

.
14

In a typical installation, the
low—pitched “humming. f noise
generally is radiated at amprlfled

’

the pump or’

of
the |
use the method |, -

~y

Y

79

e

(c)

-

lévels by a large wall which is
directly connected to the
resonating heater assembly.

Structurally isolgting the- heater
from the floorlfand wall with
heat-resistant, resilient spacers
and leg mounts should reduce the

.noise.output to acceptable levels.

Attaching braces made of folded
sheet-metal strips to ‘the 1long
narrow panels of the heater

assembly will further suppress the ~

low-pitched = humming noise or

' resonance.

-

CONTROL OF PLUMBING NOISE

! . Most homeowners w
readfly admit that noise
use Tf plumbing facilities
the home generally can be . heard

If your thermostat

noisy, remove the cdver plate to
determine what type of unit was
installed.. The noisy thermostats
generally ‘use bi-metal,

electromagnetic~ assisted contact
elements which operate off high or

line voltage. The "Silent"
thermostats use mercury—fil{gd
tubes as the contact elements and

operate off a low. voltage supply.-
Consult with your heating engineer
for advice regarding replacement
or interchange of, such units.

There are a number of methods that
may be.used to reduce the clicking
noise of thermastats- Howevgr
power must be shut off befone the
follow1ng methods can be tried.

Remove
]
, remove

. the cover
the thermostat
the electrical

Rejnstall 'the wunit with
Jubber grommets ,or other

| resillent mounts to " isalate
it from _the’ box and ‘wall
structure. Replace the cover
plate. N

(1)
from

box.

(ZD
is destred, wrap che outside

. surfaces of the electr;pal
box with a layer of lead

or metal-foil tape to damp

thet vibration. P2ace lead or
t%pe‘qp the back of whe cover

s plate. - s

~
¥

apartment dwellers

anywhere within

If additional noise reduction'

atising'‘ from the ,

throughowy .
. py .

R .
is ‘excessively | .

.

qplate and

-~
N
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the dwelling,. and frequently in, adjacent
dwelling units as well. Probably because Of
this characteristic invasion of a person's

- privacy, plumbing noise ranks not only as an

irritating disturbance but as the »most
offensive noisée to which building occupants
are exposed: <

In any case, it is extremely difficult

-to isolate yourself from plumbing noise or

to prevent it from disturbing other .
dccupants in the building. .
‘Causes of Plumbing Noise and
. Methods of Control
Water pipes and fixtures are rather

ineffective noise radiators because of tKeir.
small radiating areas. The major problem
arises when such sources are rigidly coupled
to large efficient noise radiating surfaces
such as wall, ceiling and f¥oor structures.
Such’ surfaces, acting as sounding boards,
raglate the noise at amplified levels.

Techniques for the reduction and
control of common types of plumbirng-noises
are given below. They are listed in
preferential order and should be combined
for greatest effectiveness. !

. i
. ! - . . .
r§olat10n,of bigg,&zstem
: g <
Unfortunately, most of the plumbing

systemcis installed within the walls agﬁ is

thus indccessible to the home .owner or
apartmerdt dweller. He, therefore, i#
somewhat - restrained in using, the mosf
effective measure to remed iunblng noige
problems), that is.to vibrationv isolate the
* piping from all large wall and floor sur-
faces which act as sounding hoards.
However, he should make every attempt to

-

\,\.r,‘

€,.f‘lcfor Sﬁ?bcfnres

isolate exposed piping with bands or sleeves
of rubber, neoprene or glass fibg¢r as all
,points. of support, including pipe, clamps,
straps, ‘and penetratlons through wall and
If . necessary, oversized

glamps_shbuld b used to accommodate the
thickness of the resiljent sleeve.
Expansfen,and Cdﬁkraction of Pipes .

I.. Y
X

+ The exfgn51on and contraction of pipes .

;pr duce a.staccato-like series of créakin

squéaking and . snapping noises, which are,

cauged, by the slidlng or binalng of' the
=y 3
pipes gqinst studding or other supports.
A _Isolntlng .the pipes from Bﬁ%lding structures
E . described - above will alleviate the’
".,problem. .
f e . . P o
T - v
<, . . ) N - )
\)4 b -‘ s - A Y '.
L~ ’ L v
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Noise from Turbulence and .

- High-velocity Water Flow

~

High water pr 8} w&thmvresultant
high flow vei“f%fﬁﬁse cause it rbulence
particularly arodnd bends, valves,tzéps and
connectors which
edges and constrictions. The familiar
hissing noise, that frequently occurs- at
opened taps, is associated \with
turbulence. * It has been suggested that this
notse is due to the combined action of
eddies and collapsing water vapor bubbles;

Although turbwlent flow is considered
to be the chief cause of plumbing nojise, the
onset of cavitation in a plumbing system
will result 1in much higher noise 1levels.
Both conditions may exist simultaneously,
especially around constriction in  high
pressure systems. Cavitation ;s associated
with the collapse of wvapor Quﬁ%les, yhich
are formed at the constriction by a critical

combination of high velgcity ' and low
pressure: ’ . )

_High velocfty flow in a plumbing
system, due chiefly to undersized piping,
gives rise to turbulence which frequently
generates excegsive noise. A noticeable
reduction in noise level may be obtaided- by
using proper size piping to lowér the water
velocity.. Flow velocities of thé order of 6

ft/sec (2 m/sec) or less in doméstic systems
have been- found to be quite acceptable.
Specified flow capacity requirements can Be
met and a substantial reduction in noise can

be obtained by using both pressure
regulators and larger diameter piping in the
plumbing system. . .
. f
High-pressure plumbing systems  are
inherently noisy, -due to the resultant’
turbulent flow generated g within such
systems. The stagc pressure of main

fwater—supply lipes of buildings with three

stories or less should be regulated so that
it will not exceed 50 psi_(345 kllopascals)
The water pressuré in'branch lines serving
individual apartmentsunits,should not exceed
35 psi (241 kilﬁpascalj% In high-rise
structu where high-pressure main supply
lines . required, pressure reducers or
regulators siould be used in supply branches
at various floors to maintain water pressure.
within the above Limits )

.
®

Pibe;ﬂammering, Chattering and Vibration

plumbing

(The
sudden

system 1$

noisy hammering . of a
usually caufed by the

usually contain many sharp -

L)

‘
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interruption of water flow; for ~ ¢xample, by
a quick-closing tap. The sharp pressure
build up at tHe point of interruption forms
a® shock wave which reflects back and forth
in the system. The multiple
produce a series of hammer-1ike noises which
gradually decrease in loudneszfas the energy

of the shock wave is dissipat¥d. The—audden

' release of pressure by a quick-opening valve

. Water surges

4

'chattering of the plumbing system. The
,defective device frequently can be
pinpointed without difficulty, since
;immedigte use of the device causes the

}

i

which discharges: into a section of piping

reflections *

with a narrow constriction, elbow or tee °
connector also may cause hammering of the
plumbing, system..

-

Hammering can also occur when pipes are
loosely supported on V-shaped wire hanpgers.
or pulsations in the pipes may
cause them to . bounce or vibrate in the
hangers, or perhaps to swing and strike
against .other parts of the building.
Replace the wire hangers with pipe clamps.
Inserting a rubber sleeve around the pipe at
the clamp and fastening it securely to some

, solid structure will remedy the_problem.

Defective; loosé or worn Valve stems,
faucet washers or seals give rise to intense

vibration which generally'occurs at some low

flow vejeity “wsetting and diminishes or
,disappears at a higher flow setting. For
! example, if wvibration occurs -When a
particular faucet or tap is opened ‘partially
and diminishes when it is fully bpened, the
faucet moré€ than Likely has sor loose or.
defective parts. - . s
. . . - .

‘Pipe vibration frequently iJ causeh‘bf

. motor driven pupps which, by virtue of rigid

. mechanical. coupling, transfer” ' their
vibrational energy to the piping system.
Noises due to such sources are easily

, recognized, since they consist mostly of
,pure tones assoglated with the rotational
'speed of the pumps or motofs. The current

can-

trend toward usigg miniaturized, high-speed,
shaft-coupled motor pumps has intensified
this problem. ' ' .
,The above pipe noise problems génerally
be alleviated by using. flexible
connectors , and air chambers in the pipin%
system and by replating worn or defective
valves and faucet washerd.: Pitted valve and

washer seats also should .be- refinished or
replaced. .
Flexible connectoge~Should be used in

coupling Supply and drain- pipes- to vibyating
applianCes.Such as pumps, garbage disposers,

PO

RIC , © -
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’where

clothes and dishwashers. Since suchy,
appliances frequently have electridal}y_
operated shut-off valves, air chambers or

should be
lines to
plumbing
or
as

other shock absorbing devices
installed in suprly and drain
prevent water hammering of the
system. The air pockets, rubber insérts’
spring elements ,Lin such devices act
shock-absorbing €ushions.

Noise from Draining and Dripping Water

drain;ng of water from bath tubs,
basins and toilets produces gurgling noises
which frequently are more annoying than
those associated with the f£illing ,of such
units. The noise problem is intensified
when vertical ‘drainf systems do not run
dffectly to the, “basement, but branch off
into horizontal pipe runs which usually are
supported frow floor joists. Falling water
strlkrng the, horizontal piping sebs. the
drain system 1hto vibratian, which in tugn is
transmitted to the building’ structure.

The

The noise of splashing of water such as
that associated with filling a bath tub can
be irritating. '
hose to the faucet which will reach the
bottom_of the tub is an effective way of
eliminating this noise probiem In_the case
the noise of a dripping faqpet isl a
of annoyance in the still..of the
as a temporary solution, attaching a
or°drdping a wash cloth from the
will channel the water drops to the
without noise. Of course, replacing

. source
night,
string
faucet
drain

_ the worn washer seal ng}d ~be -a more
permanent solution
‘Noise Due to Entrapped A1r in Pipes ’

.A’
1s generally conflned
buildings 1is caused b rapped pockeds of
air in the plumbing systems. The Combined,
action of wateY pressure and compression of

to newly constructed

the air pdckets may produce intense noise
and - vibration disturbances Wwhich are
characterized by explosive . bursts, pewing
. and spitting of water ‘and air from open

faucets or taps and hammering or' knocking of
the piping system. Such problems seldom are

a, soypce of complaints, unless they petsist
fon xtended periods.” ‘Generally gpeaking, .
th problem eventually corrects itself by

ontinued use of the plumbing services.

4

HOW . TO DESIGN A QUEIET PLUMBING SYSTEM
7

A ¢ \

If yo are planning to build a home
with ‘a qﬁ?;t plumbing system, Yyou ‘must
. r

Attaching a long resilient:

relatively commgn noise probleh that )

adual release of the entrapped.alr throughw.
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incorporate®the following design elements in
the early stages of your building plan.

(a) Vibration Isolate all Plumbing )
(see Figs. 4-25

and

Systems:
4-26)

separate piping

systems; - the hot & cold water

: supply system, the drainage-. and
venting system, and the hydronic

piping system, w includes
air-conditioning, gand = steam . an

hot water heatingfsystems. One of

~ the most effecpdve solutions t
pipe noise probY{ems is to_keep t

* ' pipe i'solated with resilieft

. gleeves and hangers from buildjng
.structure's with large radiating

o " surfaces such as walls, ceilifigs
and” floors. Pipess 1n buildfngs’
behave 1like tuning forks ,Asing

such strictures as‘sounding fboards

¢ to amplify thw noise leve

Y 4

Entrapped Air o .
Compressed By
H{  Water Pressure

2 .

< Cap —Ls

Water Level

Cyhnder — 2]
Or Pipe

“~Install In Each )
Long Run Of Piping

Stud Or
QJoust

Rubber

©»

(b¥ Use a Simple Plumbing Layout: -

A well desiéned plumbing system

with a minimum of fittings amd
bends is substantially less noisy
than a complicated layout. Proper

size fittings and large-radius
~ elbows or bends should be used for

quiet performance. Large diameter

piping should be used for all main -

supply lines. Separate branch
lines of smaller diameter should
* be installed to serve each

individual area where required.

Install Pipes Away, from

&
Quiet Areas: .

Pipes should not be installed in
any walls enclosing bedrooms,
living rooms, -studies or other™
rooms where privacy &nd ' quiet
surrottndings are essential. For .
example, in order to prevent the
transmission of noise into bedroom

L3 -

&

L. .

Glass Wool Blanket
Between Studs
. Staggered-Stud
. e Vi Dry Or Plaster
W T wall
Cover Plate
Pz

| |
e

XA
.

e
a9,

6%
.'

.
2
o2l

2,
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¢
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h Rubpér Sleeve &
Gasket

.
. Baseboard

117 Toe'Mold
L~ Caulk ,
: 3

Plywood
'+ Sound ~

Finish Floor S
\ « Dead Bd.

B

AR AN

L

. Air Chamber “§ub Floor a
2x6 Split Base

- Plate
S .

[
#
e

- Wire Hanger

A
X TITIIL oo srosey

) Rubbér Steeve

™ Gypsum Board ~

.
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.~ Fig. 425, TECHNIQUES FOR CONTROLLING/NOISE IN PLUMBING SYSTEMS :
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-7 1" CLEARANGE UNDER FLANGE

o ——FLOATING FLOOR
K~~— RESILIENT MATERIAL

b\‘\'\ SuB FLOOR

RUBBER SLEEVE OR
GLASS FIBER PACKING

—~—
~ A \
L -
N Cd
- AN N WATER PIPE
r’ . SOUND INSUL_8D. / - -
WATER PIPE . PLY U} A AWATER-AIR TIGHT
—‘.\'* < WATER AIR TIGHT Lwl:]‘:)l) RLt:Y . RUBBER GASKET
CARPET RUBBER GASKET oo o, W000 - i .
0 L_' PtiY SUB-FLOOR . y d GLASS FIBER'* R
FLOOR SLAB PIPE ELBOW - T SPRING - o ——— - oo
’ B - e Q&{;mom A R
PIPE RUBBERPAD ; =— ‘
SUPPORT Cs s T T, - T
. = ' T ‘\\'*t z N
N . e - . - . . -2 .
- Fig. 4—26.METHODSOFlNSTALLINGE{PES FOR QU%ETOEERATIQN“\ N R ’
T PRSI el _
A i . ( . ’ ~ i .‘ S N - ;&MO_ .
% . . S T
- areas, supply.(and drain pipes * - Bath tybs, totléts and shower'
- . should not'be installed in walls™" .. _‘L.;;_stiills _.shoqld . be set on under- -
separating bathropms and bedroops,. “layments of cork, rubber;-neoprene ~
e Piping should fe installed .in _ - ~ % +or other .resilient materials or
partition walls whic .separdte - - installed’ on“f_lﬂoatin‘gf flooxs tg
adjacent bathroom” or kitchex . - -—=—¥educe- the__tragnsmission of noise
argas. s Supply ‘and “drain (pipes ~ due to falling ,xgat'er. Likewise,
- mast be isolated from indernal " the fixtures shbuld be wibratfon - :
studding or wall surfaces. T - . . isolated from supporting walls by
- . ' "+ means of resilient gaskets. ' Such
(d) Install Quiet Fixtures? g NI .’ mountipg- Prlecautions should be
T Tt~ ) o« .~ ~observed- » with. - srespect <to
Siphon-jet Toilet and flush tank ’ Installation of wash jasins and
T fixtyres with adjugtable _flow - - .. [ _ faucet-fixeures “as well. -
. walves at® considerabl -less nodsy " g~ - ot Ly on T .

than- Zonventional. models. Tdps
and faucets using. full-ported -
"dozzlés . and , equipped with

_rt_‘a,x}ti‘splgsh or, aeration devices

PAruntext provided by enic el
-~ - -

—(f) _Sﬁal_ Kir Leaks Aréund Pipe

Pénetrationss .)/\, o
. - . »

Tp“ prevent mpife -leaKs; seal ‘all

. _produce lictle poise. - . . ’ opepings arou d pipe penetrations
T - . , . through wall, and floor structures !
Sl _‘(‘e) . Iastall Batkroom Fixtures on  ~ 3 T * {rith a non’—seu;ing waterproof
.- . Resilient Bases and Mounts+t ™ - - . caulking compound. Party walls’
v 7 " “(See.Figs. 4-27 and 4-28) . between bathrooms should be
) L R A -~ . . 4 . ) S, ey . v .
N 5 ~ - -G, - . 83{ - . »
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Apt. B ' . . / V
Wali Continuous To Floor, . hd

H+—" Both Sides (Stag’d Studs}

- Basin & Cabinet :[,\(ent Plpéa R
Isolated From Wall )

Rubber Gasket
2\ Staggered
Tub . . |- Staggered
a 'Y Stud Wall

©

Rubber Gasket

* Tile On Concrete
, Cabz'net »

i )
Sound lsolat. 8d. *
-~ 4

N <— Exterior Plywood _0
~—Rubber Sleevg ot

CITITII IS8

Rubber :
Sleeves & T—Dram Pipe
H&C

. P
Glass . . Water |f)es Rubber *
cio . . , Sleeves

£ = > 1 Split Base
(PPN 't/,z(i & -
o 3pring Cork" .~ Tile Floor Plate
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Fig. 4-27. PROPER INSTALLATION OF BATH TUBS AND WASH BASINS

Cemn&;gal Action W.C.
3/16" Neoprene,Pad
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J GRYLIN Moumlng Bolt

Rubber «
In Shear
Resilient
Manger

No Contact At
Ceiling Hanger

N
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F;xture

;T Y
Resiliept Pad
In Pipg Hanger N

a
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v Neoprene.,
Detail ‘A’
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)
v
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PROPER INSTAL"ATION OF A TOILET FOR QUIET OPERATION
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ely finished to the floor
: sides, particularly
in back-~td&back tub and/or shower
installations. Failure to surface \‘
the walls bepind tubs results in |
serjous "noise transmission |
problems. Likewise, both |
subflooring and finish flooring in
bathroom areas, should be |
completely finished before tubs .
. and shower stalls are installed. ¢°
)

Enclose Larges Pipes: i

"’-'(1,

- Large diameter pipes ’in.
pressure “égstems frequently

‘ radidte ~ 1&erab1e . noise,
©  especially when they are exposed
N Such pipes should be Yoxed in
board

-high

gypsum I enclost®es, pre-
ferably %ined with ‘acoustical
material. An alternate, though ’

somewhat less effective, techaique
is to enclose the pi%s in thick
glass fiber jackets with heavy
imperviqus® outer coverings of
vlastic or leaded-vinyl materials.
It has been suggested :that the
glass fiber jackets should have a,
density of about 6 1lb/cu ft (96

- ~ - —kgim}-and a thigkness of at least

. 3 inches (8 cm), The :meervioug
. covering should, weigh at least 1
lb/sq ft (5 kg/m7). .

CONTROL OF NOISE FROM RAIN GUTTERg; -4

SPOUTS-,. :
An n:’i:ttating source of boise,'
particularly f§ the $till of the night,- is

theaturbulent flow of rainwater in gutters
and downspouts #uring a - storm, and the
incessant dripping and plunking of the. Wwater
aﬁter the, Js~t:orm is over. Rigid attaahmént'_
of “the” downspouts or drain .pipes £ the
ex)terior walls of bedroom areas is the ch.lef
cause of the problem. The interior surf‘aces :
of the walls, whicH perfprm as

dr:‘ain pipe noiset  The, followmg}measﬁres‘,.

" ‘ W

El{llc ‘ E ‘ 4 9\3. ' | -

v -
Full Tt Provided by ERIC. .

- B -

. soq;\ding. . 1,
b ards, ,tend to reinforce or amplify t’\qz ,f\'

\ : R
should be wused to minimize disturbancé from

such noise.
a. Avoid installing vertical
) drainpipes é outside of  bedroom
' areas.

b. Structurally isolate vertical
drains from the building by
inserting soft rubber or neoprene
sleeves or collars géaround the
drainpipes wherg they clamped

to the wall. .
® . ..
‘c. T Replace - the
elbow at the base of the drainpipe
with a soft rubber boot or plastic

hose:

d. When replacing existihg  rain
gutters, select umits made .of
heavy gage metal, wyith rounded

corners, and coated with vibration
damping material.

-
-

Refer to Fig. 4-29 E,or proper.installation

of rain gutters and vertical drainpipes. v

U

Rubber Sleeve
Drain Pipe
Pipe Clamp,
Ryubber Boot
Sewer Drain

Flg 4:29. METHODS OF CONTROLLING NOISE FROM -
; RAIN GUTTERS AND DQWNSPOUTS

conventional metal



Chapter 5

HOW TO INSULATE YOUR HOM!’AGAINST OUTDOOR NOISE

[

As we know from experience, residential interior partitions enclosed and supported 4
areas that ' formerly were quiet and peaceful by a light-frame exterior shell._  If this
in time become engulfed by highly didturbing strell were continuous and formed an
sources of noise. .Changes in =zoning . air-tight seal azound the enclosed space, it

* ordinanced often permit development®of noisy would provide at best a- linited amount of
industrial parks “or shéppipg centers on the = sound stMation. Such construction

* outskirts of residential areas. Ordinary typically/ has, a sound transmission class
hlghways eventually become high-speed nois rating of about STC 30-35. However, this
expressways which 1nya§e the peace and shell wusually contains several windows and
tranquility of quiet communities _ and- doors. With their customary #r and noise /
.suburban areas that often are encircled or ™~ leaks, the windows and doors may reduce the
flanked by the roadway. In some cases, STC ratﬁgk of the exte shell of

. local neighbarhood noise caused by traffic, house to a value as 1:5/22 STC 20. Howeve
lawn mowers, chain saws, barklng dogs, or ‘there are way§ of pre enti this reduction,,
perhaps child#n at play  may be the most and of 1mprov1ng the sound thsulation of the
disturbing problem. 'In othd cases, noise ' houe. ~
from community swimming pools, playgrounds, . T ) .
athletic fields, .amusement~parks or spert Reducing the Intrusion of Neighborhood Noise ‘
arenas may be the major source of annoyénc . -
The  outdoor noise levels generated in Iftxyou'“have a home, in a " noisy
neighborhood environments, by the wvarious . neightorfood and are disturbed by the N
sources cited above might beg!@scribed as intrusivd\gf outdoor, noise, the following /
being in the moderate tu high level range, . recummendations may. éllgviate the problem.
or roughly 70 to 95 dB. - ” ’ . : .
(1) *The first rule of thumb is to
However, .the greatest number of noise / Y install a central hea/ting and air
*complaints come from home owners and apart— -~~~ - ——-&onditiohing system ipThe hause. =~ -
merft occupants living in regidential areas - yv2  This will qi&mlnate the need td
gear airports.. The dévelopment of medium o 4+ ., open windows and doors, for
jet airports into international airports ventilation purposes and thus make

, handling much larger and ngisier aipgeraft K it easTer to fbdqge the intru51oﬁ
has reéul;ed in more serious noise _priéiblems of outdoor noise, . -

, .affecting much larger  communifies and ¢ . .
populated areas. The exransion of small . (2) Ex4sting windows should be caqiﬁzd
private airports to handle the new, breed of, . or * equipped with ‘gaskets’ o
small usiness jet aircraft has created - provide an air-tight seal. . QL
simildr noise problemg in small, formerly Ty o —
quiet communities.- * . N (3) 1f the « noise”  Source is

. AN , high-pitched and very directional,

Aircraft noise levels at the locatio&\ ~. *+install storm wﬁndow% with. caulk

° of the home or apartment site will wvary'. or gasket seals on the side of the

) depending chietly on ‘its distance frda, the . “~ house facing the source. It is
“airport or flight path, and type and ' »° still more beneficial «to imstall ~~

altitude of aircraft. In any event,’ storm windqﬂ%, properly sealed, on

dwellings near large airports or directly ) . all vexisting windows. This will

wnder clight paths may be SubJECted’ to _» o - rdvide - additibnal inéq}ation

rather lntense lewvels of no’se ranging fromg- - ainst low-pitched noise as well

90 to 110 _dB or more: , L as noise, apprqaching from other

. directjons.

) . We9w111 “discuss Tirdt - che steps for o ’ .
improving the sound insulation of houses in . (4) Exterior doors should be provided
moderitely noisy neighborhood environments, with soft resilient gaskets and
and deal separately with the more difficult . threshold seals. This applies to

~ problbm relative to aircraft noise intrusion sliding doors ag well. .

at fthé ‘end of this sectlon L. .
(5) 1Install storm doors equipped with
Generally speaking,'mOSt single-family , resilient gaskets 4and threshold

. houses are an assemblage of light-frame seals. Sliding doors also should

. : . 86 _
. A N . . ‘
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. que of storm doors,, windows
weather stripping will also

conserve energy by redhcing’ air

leakage and making it easier to

maintain constant indoor
h tenperatures. - J
(6) Seal or caulk all openings or:
. . penetrations thzough walls
particularly around water or gas

'\* pipes, electrical _cables, and
refrigerant lines.

»

A hon) - -
(7) Cover mail slots in doors; ipstall
hinged =cover plates on clothes
dryer heat vents, bathroom and

kitchen exhaust ducts, and central ,

vacuum -dust

~ . chutes.

system discharge

. . I 4
(8) Close the fireplace damper,
install close-fitting cover plates
at clean-out openings and erect a
1/2-ipch (13 mm) thick removable,
plywbod barrier in front of the
. fireplace opening.

)
1

Adoption of the above measures*would
improve the sound insulation of the exterior
shell #0f thé house about 6 dB for
low-pitched sound and more than 10 dB for
high~pitched sounds; theke A measures would

i reduce the louaness of the intruding - noise
by about 25 to 30 p®cent, respectively.

.

Reducing the Intrpsion of Traffic Noise

-
.

»

Homes or apartments of conventional
«<onstruction that are located very near to
heawily trayeled roadways or expressways, are
partiqularf%ﬁvulnerable to Ehp intrusion of
excessively high levels ofsgoise. Since the.,
soundproofing ., of existigzﬂawellings may be
costly and impractical, the occupants should

choose those solutions which provide the
most noise reduction at least cost. In
addition to the recommendations described

above, the homeowner should incorporate, on

a step-by-step basis, the following noise

confrol measures, until the noise has been

reduced to a tolerable level.

T @ In existing windows, install glass ,
panes of double thickness on the

. side of the dwelling K facing the
noise source-

e -

77 (2) Install storm windows over the
same windows. Select storm
windows having glass panes mounted
or encased in rubber gaskets.

) .
Q 4 . .
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and -

-

.

Brief
‘are “among .the most troublesome to remedy.. A
recent
showed that reports .of annoyapce tepded to

. Replace:

. bedropm '

s tudy

. ) . ) . s
Line perfmegef surfaces between
the existing windows and .storm
windows with ‘atoustic tile or
sound absorbent lining.

existing |, hollow-core
entrance doors with splidxcore,
soundproof doors «provided with
perimeter gaskets and threshold
seals (see Fig. 4¢7). -

If + iptruding
digturbs vouwr

traffic

sTeep and

your
chogsing
located on the opposite side of
the house may reduce the level of
intruding noise .2bout 10 dB.
Selecting a bedroom on the side of

th@ house . that is  partiglly
sshielded” from the noise solurce
should rdduce the 1level of the

intruding noiSe about 6 dB.

. - ~ .
Install a barrier wall o;ﬁ[fence
between your: hous "t a the
roagdway. T9"be ef?bctivd, the
fence -~ should have~ a™ golid,
continuous surface withp;E‘ any
operrings or holes. The fence
sheuld be relatively long and tall
enough to, shield, or hide, the
entire roadway when viewed from
the nearest side of the house,
Such a barrier 1is

in reducing the level of
high-frequency sounds that travel
in a beam-like mahner. + Its
effectiveness , for attenuating

low-frequency sounds is limited by
the ease with which such §ounds
diffract or bend around a barrier.
At best, only a 5 to 10 dB
reduction of the total sound level
carn  be expected: but the
attenyation of the high-§§§guency
sounds may result in an
appreciable reduction in
annoyance. Since the acoustical
efficiency of such a barrier may
not be improved by massive
construction, it may as well be
made of relatively fight material,
such as 1l-inch (2.5<‘cm)° thick

faces tge - .;o;dway,,
a bedro ch 1is

most effective _

noise

boards., . A

B

L

Reducing the Intrusion of Aircraft Naise

intrusions of high-level sounds

_-of afrcraft flyover' noise

»

o
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3

., source.
. the recipie

7

’

increase, by a f{factor of only two when the
flyov rate incyeased by a factor of eight.
Read opfimistically, this means that 1if you -
can tolekate one|intrugion, you.probably cam
to}ergke two. »| From the
acoustical engineer who must
airport .area, and the
1ive Within, thé area,
viewed pessimis ically.
¢f 1landings
one-~half their
large
paSsengers in|remote airports that they did-

standpoint of an
qg:L'z‘C/“aﬁ :
community that must
the situation must be
Reducing the numbery
ahd- departures per hour,, ti

to
riginal number may leave a

¢ -

number. |of delayed and ‘disgruntled o,

wish to' seey byt still produce only an -~

ificant dent in the .number of

; ﬁomplaints« fr “the residents. (For ' &
;) ouseholder, thls statistic is also
important. f you™ must operate.a noisy

tool, even |though very briefdy, it is
important to try to stop .the -noise at the

Oth rwise, you may find “yourself .
« of a ‘number of compialn;s
despite the[ imited duration, of ‘the noise
involved.) 4Moreover, some, studles have:

shown that p ople do not 'bedld cgqstomed‘

S n01se‘i§&\;;ion as time goes ,on, -but
ramaxn intoler

e S A

If you are one .0f many home' owners who windows genérally provide an
now find themselves ®#énstantly ‘exposed to average noise reduction of about
intense * and highly“’disturblng adrcraft 18 dB; the addition of a: storm
noise, you*'should consider tarefully the window, as illustrated in Fig.
following four basic facts before you decide . 5-1, "~ will increase ‘the sound
on any coyrse of action to resolve' the e ingulation to - about4 24  dB.
problem. . , .. Calflking of both dets. cf . windows

.. o e . , ¥ improves the sound insylation
* (1) The -cost of soundproofing an abour 3 ‘dB * at the -higher® «
" existing home against imtense, frequencies. Howeyer, if the
K * aircraft - noise is exceedingly - aiferaft noise stdli sSeems to be
*  high. *coming  through the windows,
° : . » - . « despite  the fact that they Vere
(2) Although soundproofing your home * . éQuipped with storm windows and 4
, will redéce .‘your annoyance » sealed air tight then the‘
% indoors, it does nothing existing windqw instadlation yill
o “improve the noise i i have §o%be replaceg +with fixed,
outside the home. Ther if - 0, Well—sealed Qdoublb pane . w:Lndoys ¥,
, . you enjoy gardening, pat ' s throughout tha- houd! . ) )
i~ or backyard barbecues, - . £ N ,’ <.
tr { ‘have to tolerate \\the, . \ . As illustrated in Figs. 5 2 .
e “‘hoiSe asibefore.’ v - d« 5-3, the. w dow’installd
-t ‘-;\ - tgen would consist of two I/AJinc

(3) The probability is rather 1ow qf (6 "mm) th;ck panes.of glass, each

gaining noticeable relief from the | encased in - a U-shaped soft,

N noise in the near future through resilient gasket with’ aoé inch, (10 }
, - the development® . of  -quietler . cm) air space between panes. Line |

aircraft or- changes in aircraft °~ perimetér ’surfaces within :the
landing :or. . takeoff flight 0 framing with 'acoustic tile or
- procedures. In fact, the noise other sound absorbent.material. .
\ {% ¢ environment near a large adrport T . -
o " generally tends to'grow worse in % . This double-wirndow
~ s . time, with the contihping B installation when properly sedled
* _ expansion 1in aircraft sxze and - would increéase the sound
N flight operations. e e insulation to approﬁl@ately\3l.d8.
. T § g Fo : ’
Nise N . ' = . & .
- . 5 - ‘ I .
o~ o gég E}()
. . -

(4) The most effective solution may be
- to mqve to*a gore quiet area, even
+  though it might ‘entail some
* financial loss in the sale or
. rgntal of yQur_home. : ' T
" The folEbwlnL is a discudsion of the
various sougd insulating modifications that LV
may ‘be used to reduce, the intrusiorn of A
intense . aifcraft .noise into the home.
Figures 5-1 through 5-11 illustrate the

h

struttural details of such modifications.
- \ N .o,
[} . ’ v »
@ .

Major Sound Insulating Modificafions:c

- . R . ]
{(a) Incorporate ‘the ‘noise~-reduction N
regommendations . given above c

relative to reducing.the intrusiod
VL, of neighborhood and traffic n¢ise
v, (b) " Windows . T
Windows axe the weakest
. acbugtical barrier in the exterior -.

she11 or walls,of most homes. -

e

Ordinaty Jlocked, double—hung,




Caulk Any Open Joints .
Around Frame

e

Storm Sash Installed With
2” Minimum Air space
Between Glazing

Fig. 5-1. DETAILSOF A D?UBLE-HUNG WINDOW WITH A STORM SASH

-
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P e erorerrr—

4" atrspace between glazing

3
1/4" glass installed with neoprene
) U’ gasket or glazing compound

7

a
H
i «

Gasketing or weather strip to -
close jotnts around both windows
4

Brick or concrete block veneer
nstalled outside existing wall

-

Fig. 5-2. INSTALLATION OF BRICK VENEER AND DOUBLE

1/4-INCH WINDOW GLAZING

(¢) ' Exterior Doors

+

If the remaining noise now
seems to be coming through the
doors, remove theumoulding from
the ‘door frame to see if ghere are
any . air gaps or noise leaks

. between the door frame and the
wall. The conventional practice
of  installing prefabricated door
kits, in which the doors
premounted in a door-frame
assembly, often causes serious
sound transmission problems.

' Builders - generally -provide an

oversized opening to receive the

preassembled door and fasteéen the
assertbly into place with a few
wedges and nails, and completely
ignore any resulting air gaps or
leaks. These are convenfently
covered and hildden from view by
the thin finish. ‘moulding.
However, such leaks must be ‘'sealed
if , any improvement in sound
insulation 1is to be expected, and
certainly before -amy='éXisting
doofs,are equipped with gaskets or
. replaced with soundprpof doors. -

are’

P

L X4

1/4" Glass in Ne(;prené Gasket

Jamb

i
)

Continuous Edge Gasket ~
Around, Sash

3/16” Diameter Vent Holes
{2 per Sash) ith Glass

Fiber Plug
-
»
Sl .
Step 8 — 1/4"" Glass in Separate ot .
,Sash Added to Form 4” Arr-space .

Between the Two Windows N
v,
Fig.5-3 DETAILS OF DOUBLE /4INCH WINDOW GLAZING

", Storfh Door . . ,

*

tnstall gasket or weatherstrip
to close joints on all sides 0
around b{t-h doors .

~

-

, "Fig.5-4. DOOR MQDIFICATIONS  * ,
-

K , 4

*

«
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Replace existing doors with”.

1~-3/4 inch (4.5 cm) thick

. sodid-core -+ doors with soft,
. resilient,‘perimefer gaskets , and
threshold seals. Install storm

&

N

(.

a

L

.

v

* 2 1lined .,

.

-

s
?

°

doors with 1/4-inch (6 mm) -thick
~glass "and weamher stripping. s 1t
is +’estimated that the noise
% eduction . ,provided by this®
combination of doors *wpuld - ‘be
about 20 'dB greater than that of a
« conVengional exterior door.
Details of thede modifications are
illustrated in Figs. 5-4,and 5-5.7
¢ e

S~

Exterior Walls ., ¥

. Generally speaking, exterior
walls constructed of 'poured
. comcrete, cinder block, brick or

“other masenry materials provide -
suffi¢ient sound -  insulation
againstg aircraft noise,, if all:
-penetrations. through the walls
havé been propérly, treaqed and
sealed. JFor example, ventilatidn
ducts and exhaust vents must ~b¥
with. sound abqorbent
“material or equipped with sound
silencersy’ holes ~  ‘asound
pene:natiohs' 4f gas or water
pipes,. electricale conduits,,and~
refrigerint lines must’,be sealed:
- airtight' ~with a regilient,
non-setting caulking , compound.
Settlement cracks in the’ yalls‘®or
. gaps around the framing of windews
and dodss shodld 'be cavlked or
§éaled in the-same mannef.

. No struétural chgnges or
modifications should be made to
the exterior walls until you -are
sure that the ' noige ‘is not
entering the- house through the
basement, crawl spacé~ or attic

© areas. L

Exterior wallg of light- frame
comstruction genera}iy consist of’
wood studding f¥ced ,on the insides
with gypsum board ‘and on the
outside with: insulation board ‘and

. wood, .metal or stucco siding.
Such walls are inherently
incapable of proyiding adequate

. Sound + insulatdon against
moderately high levels of noise,
much 1less against the intense
levels of . . afrcraft noise
intrusion. Such walls would‘have

to be capped on the outside with a

Ll

[

’

4

-

91

Caulk any open |om(s around .

'y
‘ door frame

‘. ’ 3 -
.K\\\%‘ . s‘ - ;

4C'_:,__—-— 1-3/4" thick sohd — core (;ocr s

.
e

At head and 1ah\bs\ms(alrclose&-

cell polyurethane foam compression

« gasket or interlocking cloth-lined
"l weather strip to close joints around

both doors _,

A Atyouble doors, instalt resihient
vinyl of neoprene gaskets
.

.
[

L0,

At threshold, install either .
resihient bBmper strip or*
automatsc drop — seal

-4

F;g 55,

e

DETAILS OF DOOR MGDIFICATIONS

s ;
4-inch (10 cm) thick wall of brick
veneer before the “aircraft noise
could be reduced “to a tolerable
leveil ingide . the_  house, as
illustrated in Fig. 5- 2. Figure
5-6 illustrates the details and
sound insulating effectiveness df

" other window-wall constructions.

(e)

“~»

Roof and Ceiling Modifications
(see Figs. 5-7, 5-8, 5-9 and 5-10)

Ventilated attic space

If the attic is to be used &s
a walk-in storage area, install
subflporing on top of the ceiling
joists and cover with 5/8-inch (16
mm) thick gypsum board. Tape and
seal the edges and joints of the
Lypsum board layer. ‘Otherwise,
the gypsum board may be installed
directly on top of the ceiling
joists. h

N

Install a metal duct vent
attenuator, as illustrated -in-Fig.
511, at all air-circulation vents
in the attic. All other openings



. ‘ Movable Windows . Bl - Co - F Lo
© - + Casement or DoubleHung . - .1 ' Fixed Windows' ' ) .
.~ . ve X . . . . ' ) ) .
: .o : : .o " , 174" Plate ) .
’ PR 1P ™ Glass L N
. - N I il 7/i6" 3Py 4 s fae
B 1/8" Glass YLK El‘ate - - Laminated 4 N Glassa e‘ .. .
. ' . . v Glass » * Glass ' * N o p '
. N : ; .- erim
S N ‘ : % Felt Or Rubber /
. , . Itor Rubber il Perim. Gaskets* ] f Afi?:;rs‘nc - .
. fim. Gaskets I e W 9
. . ' ) il .
. . S B o . &
=
Brickx : p T
. 7+ Veneer . [N Resil.
- Wall ' pezall Lol N Channel ™
‘ : - . ! . MY, v
: Window: Poor * ' Faic 3 ~Good .’ <"\ Veéry Good .
Wall* Poor . . ", Fair Y Good - ~ .| ' Very Good |
. . ' AU TV
» LN 4 .

Fig. 56. SOUND_INSULATION EFFECTIVENESS OF VARIOUSININDOW-WALL ASSEMBLIES. -

- . -~

- . ' e ¢ S ' PR ) i + i’

o , t or cracks should ba sealed with : glass fiber pacqug and resilient
glass fiber wadding and resilient . caulk, ' . ) \k .
caulk. . . " . - . ,

.

Install = 5¥8-inch (16 fm)

‘. " _  (Plank’and'beam vaulted ceiling or. . .~ thick exterior + plywood or
. (/. flat roof ot g v .moisturerproofed gypsum ‘bvard ‘to
B A " . -« . . the underside of-the floor joists.
. . \. s . . x .
Attach™ wood  furring or .

preferably , -metals resilient
channels to the existihg ceiling. .
With 'selfxtapping screws, f'a'sten
5/8-igch (16 y ™) thick gypsum

-« board to the furring or meta‘l' . & Ventilated
‘ channels. Tape and finish joints = S Attic Space
, and edges of the gypsum board in . P |

the convertional.manner.

N
AN\

N
Tl .

(f) Basement Areas -

i
J//1

Caulk or weatherstrip
existing window® apd-install sterm ‘-
windows. ' .

A

/
N

, . \

Weatherstrip existing hinged . AN Y

or sliding doors and install storm
1

/A

7,

&&
‘“7&-

doors.
7 . ) ) Fireplace
- \ \
(g) Crawl Spaces (see Fig. 5-11) =